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Abstract 
There is potential to increase productivity from the regrowth forests of 
East Gippsland, Victoria by investing in more intensive silviculture. A 
review of literature shows that early spacing of selected stands can 
increase merchantable volume and decrease rotation lengths which 
could then increase annual yields and/ or alleviate the pressure to 
harvest forests with high conservation values. This sub-thesis 
investigates three early spacing technologies used to space nine-year-old 
Eucalyptus sieberi in the Cann River Forest District. 
The three spacing treatments included a non-selective spacing using a 
mechanical slasher and two treatments that removed trees using a 
combination of non-selective spacing with either a stem injection of 
herbicide or a clearing saw that physically removed trees. All treatments 
were compared to an unspaced control. 
Stocking and basal area reductions between treatments were found to be 
different post-treatment in 1992. This was largely due to the proportion 
of area selectively spaced with the mechanical slasher. There was also 
natural variation in stocking in the stand, however this could not be 
quantified due to a lack of replication across treatments. 
Growth over two years was analysed using Restricted Maximum 
Likelihood (REML) based on a Mixed Model for unbalanced data. There 
was a significant (p<0.001) growth response in basal area between 
dominant, co-dominant and intermediate trees in all three treatments 
compared to the control. The growth response of suppressed trees varied 
with treatment. 
The initial relative and absolute growth responses were largely 
dependent on basal area and the frequency of larger dbhob trees. Basal 
area and the number of larger trees after treatment were a result of 
proportion of area selectively and non-selectively spaced. As the 
selectively spaced area increased there was a more even distribution of 
larger trees resulting in high absolute growth (m2 ha-1 ). In contrast, the 
greatest relative growth was associated with treatments that had fewer 
larger trees. 
x 
Coppice growth was also considered as an influence on growth rates 
between treatments. 
Predominant height c'ind green height were also measured in the three 
treatments and control. No significant differences (p<0.05) were found 
between treatments and the control. 
From initial growth analysis and preliminary costing from the literature, 
a non-selective spacing combined with a stem injection of herbicide was 
favoured as a feasible spacing method. 
xi 
1.0 Introduction 
The area available in native forests for sawlog and pulpwood timber 
production in many States and Territories in Australia has declined over 
the past twenty years as the emphasis on conservation value has 
increased. There has also been a decline in sawlog production from 
native forests due to over cutting prior to the early 1980's (Bartlett and 
Lugg 1993). 
Many critics of harvesting native forest point to hard "vood plantations as 
a potential source of future timber. Although there is room for 
plantation timber in Australia, currently there is only approximately one 
million hectares of plantation (predominantly coniferous) available 
compared to an approximate 18 million hectares of private and publicly 
owned native forest combined (Commonwealth of Australia 1992 a). In 
the 1992 National Forest Policy Statement (NFPS) it was stated that the 
timber industry will continue to draw wood supplies from native forests 
(Commonwealth of Australia 1992 b). However, the NFPS also gives a 
commitment to preserve those old growth forests that have 
conservation value and are not well represented in other reserves. As 
individual States (excluding Tasmania) undertake a review of the old 
growth forest as required under the NFPS, there are likely to be 
additional areas of forest managed for purposes other than timber 
production. If forestry agencies are to continue to meet current and 
future timber requirements from a decreased land base there is clearly a 
need to re-examine the role that native forests have in the future supply 
of timber. There is the potential to increase production from selected 
stands by utilising alternative silvicultural practices similar to those 
employed in softwood plantations (Flinn and Mamers 1991). 
The East Gippsland Forest Management Area (EGFMA) (Figure 1) in 
Victoria has the State's second largest timber resource contributing 33 
percer:.t of the State's annual hardwood sawlog supply (DCNR 1995). The 
EGFMA also contains some of the least disturbed forest environments 
and a diverse range of ecosystems (DCNR 1995). 
Area available for timber production in the EGFMA has not been 
insulated from the conservation thrust in the past two decades. There is 
reason to believe that land available for timber production in the 
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EGFMA will continue to be reviewed and potentially reduced in the 
future. Recent reviews of resource allocation in the EGFMA such as the 
National Estate Project of 1992 which sought prudent and feasible 
alternatives to harvesting areas of National Estate, the recently 
completed Old Growth Study of East Gippsland and the soon to be 
completed East Gippsland Forest Management Plan have all suggested 
exclusion of additional area from timber harvesting due to conservation 
and preservation values (Woodgate et al 1994, DCNR 1995). 
Map of Victoria 
Scale 1 :13 000 000 MapofEGFMA Scale 1 :2 750 000 
Figure 1. Victorian Department of Conservation and Natural 
Resources, East Gippsland Forest Management Area 
(EGFMA) 
Considering the uncertainty of the supply of timber from native forest as 
a result of previous management practices and the more recent 
conservation emphasis, effective production of timber will need to be 
achieved by making full use of site resources from a shrinking 
production base. Maximum production from existing forests can be 
achieved if managers are able to manipulate site factors to increase 
production. Several models have been developed which explain site 
resourt:es and production. One such model is (eg. Incoll 1974): 
Production= Function of (site, species, density and rotation). 
Of these variables, density and rotation are the factors that are most 
feasible for the inanager to alter in existing native forest (Incoll 1974). 
This can be achieved either through regulation of seed or seedlings at 
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establishment or adjusting stocking after establishment by early spacing 
(also referred to as non-commercial thinning and thinning to waste) or 
commercial thinning. Depending on the silvicultural system employed 
there may also be an opportunity to determine the species when 
establishing a stand. Modifications to the site such as improved 
nutrition may also result in improved production. 
Since the mid-1960's, a common silvicultural regime used in the EGFMA 
coastal and foothill mixed species forests has been to harvest coupes of 
20-40 hectares leaving seed and habitat trees or to clear-fell (but retain 
habitat trees) and then artificially seed (Bartlett and Lugg 1993). These 
regimes have largely resulted in densely stocked even-aged regrowth 
stands which naturally self-thin until the nominal rotation lengths of 80 
to 150 years (Bartlett and Lugg 1993). An alternative management 
approach for this regrowth is to increase the production from selected 
stands through silvicultural treatments such as early spacing and 
commercial thinning similar to that which is done in plantations. 
Evidence from the Young Eucalypt Project (YEP) suggests that 
productivity and economic returns from the wetter, high quality native 
eucalypt stands in Tasmania and Victoria could be significantly increased 
by intensive silvicultural practices such as early spacing (Kerruish 1991). 
The main aims of this management system are to increase profitability 
through decreasing the rotation length, increasing the amount of 
merchantable wood and potentially lowering the cost of subsequent 
harvests. The additional wood produced could be used to expand 
industrial production or potentially alleviate the need to harvest areas of 
high conservation value. 
Early spacing or non-com1nercial thinning is seen largely as a mid-point 
in the continuun1 of silvicultural practices that range from no 
silvicultural treatment post-establishment in native forests to 
intensively managed hardwood plantations. Early spacing of native 
forest has lower inputs in terms of site preparation, establishment costs 
and requires less disturbance of the site than plantations (Kerruish 1991, 
Turnbull 1993). There is evidence that thinned regrowth stands which 
retain a percentage of overwood trees are suitable habitats for native 
fauna (Kutt 1994). In comparison, plantations are expensive to establish 
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in the EGFMA and require the availability of suitable land (Turnbull 
1993). . 
Commercial thinning operations are _likely to be important to the 
economic feasibility of early spacing in order to recoup the early 
economic investment as soon as possible. Moreover, to maintain a 
significant growth response in the retained trees it may be necessary to 
reduce the stocking at frequent intervals such as through commercial 
thinning (Florence in press). 
Results from a three year study of the management of eucalypt regrowth 
in East Gippsland demonstrated that commercial thinning of young 
regrowth stands is practical and economically viable {Flinn and Mamers 
1991). The positive findings from Flinn and Mamers' {1991) study has 
resulted in the establishment of a small scale (approximately 300 hectares 
per annum) commercial thinning operation in the EGFMA since 1991. 
Currently there is great interest in commercial thinning in the EGFMA 
as regrowth is not likely to contribute significantly to sawlog production 
until approximately the year 2030 (DCNR 1995). Until then much of the 
sawlog production will come from mature forests which have low 
sawlog volumes due to previous selective logging. However strategies 
such as thinning to accelerate growth of retained trees may prove to be 
important to sawlog production in the period when sustainable yield is 
most tightly constrained (DCNR 1995). Figure 2 illustrates forecast 
sustainable yield for the EGFMA with and without commercial thinning 
(DCNR 1995). 
Early spacing can also improve the feasibility of commercial thinning 
operations. Currently, commercial thinning of regrowth is occurring in 
Western Australia, Tasmania, Victoria and New South Wales, but the 
variation in site conditions in areas of natural regeneration largely 
confines thinning to small niches in the forest where stocking, tree size, 
terrain and ground conditions meet the limitations of available 
harvesting equipment (Raison pers. comm.). Findings by Kerruish et al 
1993 (Table 1) shows that early spacing can reduce commercial thinning 
costs and therefore potentially increase the area that can be commercially 
thinned. 
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Figure 2. Forecast sustainable yield scenarios in the EGFMA, from 
DCNR (1995) 
Table 1. The effects of spacing E. sieberi forest to 1500 stems ha-1 at age 
10 on harvesting costs, yield of pulpwood and economic 
returns from thinning the stand 20 years later, from Kerruish 
et al (1993) 
Unspaced 
Lower costs and higher yields of quality pulpwood 
Pulpwood harvest (t ha·l) 132 
Thinning costs ($t-1 on truck) 24.0 
Spaced Pulpwood: 
174 
16.5 
Cost of spacing: All costs are recovered by first thinning 
Return from thinning ($ ha-1) 1320 
Cost of spacing($ ha-1) 0 
Net return to grower($ ha-1) 1320 
Remaining stand: Potential shorter sawlog rotation 
3045 
1130* 
1915** 
Av. vol. of remaining trees (m3) 0.44 0.70 
Vol of remaining trees (m3 ha-1) 114 182 
The Department of Conservation and Natural Resources (DCNR) and 
the Commonwealth Scientific and Industrial Research Organisation 
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(CSIRO) Division of Forest Research are investigating early spacing. 
Current areas of research include: 
1. developing appropriate technologies for spacing, 
2. measuring growth responses from different spacing intensities, 
3. examining total profitability and benefits other than a growth 
response (eg. reduced harvesting costs), 
4. monitoring environmental consequences and 
5. investigating branching and log quality. 
A literature review of early spacing in temperate eucalypts shows th:.it 
there is little research on appropriate technologies or the operational and 
economic feasibility of spacing heavily stocked regrowth. Literature hum 
other species in the northern hemisphere provided some information 
on current technologies, however much of this does not pertain to the 
conditions that exist in East Gippsland. Sinl.ilarly, there are few studies 
that address the total net profitability and environmental effects of early 
spacing. 
Published studies which examine the longer-term growth response and 
log quality are scant. Florence (in press) and Raison and Connell (1992) 
suggest that there are, few research trials t'lat have been designed to show 
early growth patterns of even-aged native eucalypts stands, or the 
measurement intervals have been so wide that stand and age growth 
relationships are unclear. In addition, much of the research concerning 
growth responses to early spacing does not reflect the species and 
environmental conditions associated with the coastal and foothill forests 
in the EGFMA. Furthermore, studies such as the YEP relied almost 
entirely on simulation to estimate the spacing response. 
Due to the apparent lack of relevant published literature there was 
clearly a need to investigate the potential of early spacing as a 
silvicultural practice in the EGFMA. Raison and Connell (1992) 
commented on the significance of stringybark-silvertop ash forests to 
timber supply in South-eastern Australia and the potential to increase 
productivity under intensified management, both of which support 
investrnent in research to improve silvicultural systems. 
6 
1.1 Experimental background 
In 1990 the Victorian and Federal governments entered into an 
agreement to formalise a decision-making process to be used by the 
respective governments in deciding under what conditions timber 
harvesting would be undertaken in the forests listed on the Register of 
National Estate in East Gippsland (Woodgate et al 1994). This agreement 
provided funding over two years for a number of projects designed to 
seek prudent and feasible alternatives to timber harvesting in National 
Estate forests within the EGFMA. One project examined the operational 
and economic feasibility of three technologies to space highly stocked 
regrowth forests and established plots to monitor the long-term growth 
response from the various treatments (Woodgate et al 1994, Turnbull 
1993). This trial was a joint project with the DCNR and the CSIRO 
Division of Forest Research. The trial was established in the Cann River 
Forest District in 9-year-old stringybark/ silvertop-ash regrowth. 
1.2 General experimental objectives 
The objectives of the spacing trial were twofold: first it was designed to 
develop or introduce technologies capable of spacing young regrowth 
and to establish how different treatments and forests conditions 
influenced costs; the second objective was to evaluate the growth 
response from the three early spacing treatments over a ten year period 
through the establishment of permanent plots. 
1.3 Summary of economic and operational feasibility 
Bill Kerruish, Ewan Roberts (CSIRO Scientists) and Ivan Gorman (DCNR 
Planning Officer) were responsible for the implementation and 
collection of data for the first phase of the trial and the establishment of 
the long-term plots. 
A CSIRO internal report (Kerruish et al 1992) described the 
methodologies used and the operational and economic feasibility of 
three technologies: a Hydro-Ax slasher (corridor spacing machine), a 
clearing saw and a stem injection of herbicide. 
Kerruish et al (1992) found spacing dense regrowth was possible at costs 
between $550 and $930 per hectare (1992 dollars). The clearing saw was 
not as economical in the nine-year-old stand as the stem injection 
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treatment. Although the clearing saw could handle trees with diameters 
of up to 20 cm, due to safety and productivity factors the operational 
limit was approximately 10 cm. Results also showed that the Hydro-Ax 
machine was capable of establishing corridors in stands with a mean 
height of 12 m and removing trees up to 20 cm in diameter. However 
logging residue was a serious impediment to the productivity of the 
machine and to the consistency of spacing (Kerruish et al 1992). Spacing 
through a combination of a corridor (Hydro-Ax) and a stem injection of 
herbicide was considered the most feasible from an operational and 
economic perspective (Kerruish et al 1992). Further refinement of some 
of the equipment since the trial and an appreciation of the importance of 
site selection has also increased the effectiveness of certain technologies 
(Kerruish per. comm.). 
1.4 Sub-thesis objectives 
The second phase of the trial was to use permanent plots to evaluate the 
difference in growth between treatments. This sub-thesis analyses initial 
growth two years post-treatment. 
From a review of literature it was hypothesised that the decreased 
stocking of the three spacing treatments would result in increased 
diameter and basal area increment on retained stems compared to the 
control trees. It was further hypothesised that the growth response 
between treatments would not be different, as the basal area and stocking 
reductions of the three treatments were supposed to be similar. 
On the basis of only two years growth and the relatively high stocking 
post treatment, a third hypothesis was proposed: that the change in total 
and green height (height to the lowest green branch) would not be 
significantly different between trees in the treatments and control. 
1.5 Sub-thesis overview 
This sub-thesis addresses these three hypotheses. It also briefly examines 
the importance of the stringybark/ silvertop-ash regrowth resource in the 
EGFMA. This is followed by a review of the literature pertaining to the 
gro\vth responses from spacing and thinning in native forests as well as 
in plantations. Some of the discussion and review of the literature in 
the sub-thesis is related to commercial thinning, as it is seen as a 
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complimentary silvicultural practice to early spacing. The methods used 
in the design, establishment and measurement of the growth response 
are described. 
The results are in three sections. Firstly, stand characteristics such as 
basal area, diameter frequency, stocking, mortality and height of the 
treatments post-spacing are presented. This had not been done during or 
after establishment of the experiment in 1992. Stocking and basal area 
results were fundamental to the growth response between treatments. 
The second section analyses differences in relative and absolute growth 
between the treatments and control. This is followed by the third section 
which reports on changes in total and green height between treatments. 
Discussion of the results, current constraints to thinning and areas for 
further research are highlighted. Finally, preliminary conclusions are 
drawn for the operational effectiveness of the three treatments. 
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2.0 The regrowth resource in the EGFMA 
Spacing in regrowth forests has potential to make significant 
productivity gains and increase saw log supply. It is important to quantify 
the current regrowth base where spacing technologies could be applied in 
the EGFMA. 
The majority of even-aged regrowth available for more intensive 
management such as early spacing in the EGFMA is associated with the 
coastal and foothill mixed species forest. These forests are more 
conducive to intensive management as their ecosystems have already 
been extensively modified. over the past century through timber 
harvesting, grazing, agricultural clearing, wild fires and prescribed 
burning, compared to the forest of higher elevations (Lugg and Bartlett 
1993). The result of wildfires and harvesting in the coastal and foothill 
mixed species forest has resulted in large areas of regrowth. These forests 
also have gentle topography. They are close to major access roads and 
the townships of Nowa Nowa, Orbost and Cann River in Victoria and 
Eden in NSW which provide a labour force, as well as most of the 
sawmills. Furthermore the Forest Management Plan for the EGFMA has 
classified the majority of the coastal forest in the General Management 
Zone (GMZ) which has timber production as the primary use (DCNR 
1995.) 
2.1 Area available for spacing in the EGFMA 
Recent studies have shown that the EGFMA has a total of 102 000 ha of 
regrowth from 1960-1993 (DCNR 1995.). Of this amount, 20 000 ha have a 
large component of senescing trees which likely removes them from 
feasible thinning operations leaving 82 000 ha of good quality regrowth 
(Woodgate et al 1994). In 1993, coastal and foothill mixed species stands 
with a high level of regrowth under the age of 14, were estimated to 
include approximately 32 000 hectares (Wiseman and Porter 1993, DCNR 
1995). This is the area that is potentially suitable for early spacing in the 
EGFMA. The remaining 50 000 ha is greater than age 14, but was 
classified as available for intensive management (Bartlett and Lugg 1993). 
The 32 000 hectare estimate probably substantially under-estimates the 
area of 1983 regrowth in the EGFMA due to large areas of regeneration as 
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a result of the 1983 Cann River wildfire that covered 253 000 ha (Read 
1983, Bartlett and Lugg 1993). However, Flinn and Mamers (1991) 
showed that the average level of overwood in this regrowth varies from 
6.1 to 16.3 m2 ha-1, and as a result a proportion of it may not be suitable 
for thinning unless overwood is removed. 
The 32 000 hectares reported by Wiseman and Porter (1993) are further 
classified by age and forest type in Table 2. Figures were obtained from a 
mixture of logging records, recormaissance inventory, aerial photographs 
and inventory plots. The majority of the area is post-logging 
regeneration from 1980 to 1992 (Wiseman and Porter 1993). 
Foothill forests have been included in Table 2 but a proportion of this 
area would not be operationally available for spacing due to accessibility 
constraints (mainly slope). In addition only a proportion of most foothill 
coupes have Eucalyptus sieberi L. Johnson regrowth. Eucalyptus sieberi 
is associated mainly with the dry ridges whereas E. obliqua, L'Her E. 
cypellocarpa L. Johnson and E. viminalis Labill. dominate the mid and 
lower slopes and gullies (Buntine 1974). These species do not regenerate 
as prolifically as E. sieberi and may not require spacing. 
Table 2. Area estimates for potential spacing in the EGFMA 
Forest Type *Net available area *Net available area 
(ha) (ha) 
1-4 years old in 1994 5-14 years old in 1994 
Coastal Mixed species 1116 11 677 
Foothill Mixed species 2657 16 533 
,. Net available area is the area which can be harvested, and excludes productive 
forests protected by local, state and federal prescriptions and constraints. 
Coastal mixed species is predominantly E. sieberi and E. globoidea 
Foothill mixed species is predominantly E. obliqua, E. cypellocarpa and 
E. viminalis with some or all of E. rubida, E. dives, E. sieberi and E. radiata 
Recent forest inventories in the EGFMA indicate there is a well 
established resource under the age of 14 which could be silviculturally 
treated. 
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3.0 I.iterature Review 
Before members of the forest industry and managers of State and private 
forests seriously consider investment in spacing of native regrowth they 
will need substantial evidence of its economic profitability and 
environmental implications. This calls for a review of the potential 
growth responses and the economic and environmental costs and 
benefits associated with previous and current spacing studies. 
3.1 Review of Eucalyptus sieberi 
The growth response of Eucalyptus sieberi is the major focus of this 
literature review, as it predominates much of the EGFMA coastal and 
foothill even-aged regrowth. There ·are few published studies that have 
been designed to show early growth patterns of even-aged native 
eucalypt stands and even fewer that pertain to E. sieberi. Therefore, this 
review encompasses attributes of stand growth dynamics and response to 
early spacing and commercial thinning of other temperate eucalypt 
species, as well as responses that pertain to eucalypt.: grown in 
plantations. 
Eucalyptus sieberi is a major commercial species in Victoria as it 
dominates much of the stringybark/ silvertop-ash forests which 
encompass approximately five million hectares (Incoll 1974). Other than 
its extensive distribution in the eastern half of Victoria, E. sieberi is also 
found in coastal areas of NSW and Tasmania where rainfall averages 625 
mm to 1250 mm (Incoll 1974). It has moderately high growth rates. 
Eucalyptus sieberi is used as a general building timber but is also suitable 
for joinery (Incoll 1974). It is also commonly utilised for pulpwood and 
firewood. 
Ferguson (1965) described E. sieberi as a species that is usually associated 
with sandy clay loam podsolic soils and is typically a tree of the drier 
ridges, with its best development on the tops of flat well-drained spurs. 
However, Incoll (1974) found that E. sieberi can also occur on deep 
friable clay soils. It can be found in pure stands, or with a mixture of E. 
obliqua L'Hert, E. globoidea Blakey, E. bridgesiana Baker, E. sideroxlyon 
A. Cunn, E. baxteri Benth., E. consideriana Maiden, E. muelleriana 
Howitt and E. cypellocarya Deana and Maiden (Incoll 1974). 
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Eucalyptus sieberi is renowned for its prolific annual seeding ability and 
can regenerate with stockings froin 10 000 to 100 000 seedlings ha-1 after 
wildfire (Raison et al 1993, Bridges 1983, Boland et al 1987). Although 
this makes establishment post-harvesting and after wildfire easy to 
obtain, it can impede growth of selected stems and result in low 
merchantable volume as well as long rotations. Regeneration can also 
occur through coppice. Eldridge (1963) reported on its strong ability to 
coppice freely. 
3.2 Rationale for early spacing 
Competition in plant communities implies that the supply of light, 
water, nutrients and space to plants is reduced by the presence of their 
neighbours (Harper 1977). The aim of early spacing from a timber 
production perspective is to reduce stand density for the purpose of 
utilising biomass otherwise lost as mortality and to increase the average 
diameter of remaining trees (Schonau and Coetzee 1989). No net loss (in 
volume) from spacing can be achieved due to the fact that the total 
production for a given area for many species is substantially constant 
over a wide range of density (Moller 1954). This assumes that either 
extremely high or low df·nsities are avoided. In Australia, the response 
to thinning is often largely related to an increase in water availability to 
retained trees (West and Osler 1994). 
Stocking can be controlled using other silvicultural practices, such as 
controlling the amount of seed that is used in regeneration. This is 
feasible in clear-felling harvesting systems. Controlling the amount of 
seed that is dispersed from a seed tree harvesting system or after wildfire 
is not operationally possible at present. Although early spacing is the 
topic of this literature review and research, it should be viewed as one 
technique which ma.y be used alone or in conjunction with other 
techniques to control stocking in native forests. 
The economic objective of 'moderate' early spacing is to produce an 
earlie.r first commercial thinning which will more than pay for the 
spacing, leaving the stand in a more productive state so as to decrease the 
rotation length for subsequent pulp and final sawlog harvests. 
Removing poor quality boles can also increase merchantable wood 
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volume and timber quality, decrease harvesting costs of subsequent 
harvests and reduce the time required to produce certain products as well 
as decrease the range of diameters (Anonymous 1984). 
The response to spacing can also be evaluated in terms of improved 
health through increasing air movement (Schor~au and Coetzee 1989). 
Spacing can also improve accessibility to a stand for control of wildfire 
and prescribed burning. Early reduction in stocking has also been shown 
to increase water production in the Victorian ash a"1d Western 
Australian jarrah forests (Ronan 1980, Stoneman 1986). 
There is also evidence that thinned regrowth provides habitat for certain 
fauna. Kutt (1994) in his study of arboreal marsupial and nocturnal birds 
in three forest stands (regrowth, thinned regrowth forests and mature 
lowland forest) in East Gippsland found that thinned sites were 
characterised by low numbers of possums and gliders, but contained a 
rich nocturnal bird population, including high numbers of Southern 
Boobook Owls and Australian Owlet-nightjars. Kutt (1994) concluded 
that if a portion of the large over-wood trees were retained in regrowth 
a.reas for their hollows, commercially thinned regrowth could support 
sufficient populations of arboreal marsupial and nocturnal birds. 
3.3 Constraints to early spacing and thinning 
Some of the potential constraints to the spacing of regrowth forests in 
South-eastern Australia are discussed below. These constraints mainly 
pertain to early spacing, hor"~ver some are relevant to commercial 
thinning as well. 
A stand's ability to withstand a reduction in stocking without adverse 
effects is related to its location, age and the intensity of spacing (Opie et al 
1984). If thinning is too 'heavy' the residual stand may be subject to 
wind throw (Roberts and McCormack 1991). There is little evidence to 
suggest that eucalypts are more susceptible to this phenomenon than 
other major species (West 1991). However, wind throw can often set the 
lower level of thinning intensity to be applied to any particular stand 
(West 1991). The major concern with the level of stocking reduction is 
associated with retention of branches and how it can effect log quality. 
This issue is reviewed extensively in Section 3.8.2. 
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Spacing regrowth can often be limited by poor spatial distribution or 
dumpiness of trees or a large range of diameters within a stand. This is 
often found in fire regrowth which tends to have a great variation in 
stocking with the presence of mature and over-mature trees (Roberts and 
McCormack 1991). Raison (pers comm.) suggests that spacing can also be 
limited where there is a lack of well formed trees such as in areas of the 
Wombat State Forest in Victoria. 
Dense understorey of woody shrubs and grasses as well as large size 
debris remaining from previous logging operations can limit machine 
and operator movement and reduce visibility (Kerruish 1991). Roberts 
and McCormack (1991) reported that thinning operations were seriously 
inhibited where logging residues exceeded 50 t ha-1. This is a substantial 
concern as Wells (1991) found residual logging debris in Tasmania and 
Victoria to be in the vicinity of 150 to 300 t ha-1 in stands that had been 
logged for sawlogs only. Steep slopes and differing micro-terrains have 
also been found to restrict the use of thinning machinery (Roberts and 
McCormack 1991). 
Roberts and McCormack (1991) in the YEP project found thinning 
operations were also impeded when soils were wet especially in winter 
months (were annual rainfalls were in excess of 1200 nun). Wet 
conditions reduce soil strength and the ability of harvesting machinery 
to operate. 
Damage to residual trees during the thinning operation can cause a 
reduction in wood quality. Old et al (1993) report that the wounding of 
retained stems of E. sieberi and E. globoidea can be high in commercial 
thinning operations in East Gippsland. However, with early spacing the 
amount of damage to retained trees appears to be limited (Kerruish pers. 
comm.). 
3.4 Thinning and the growth characteristics of eucalypts 
By world standards, nearly all eucalypts are intolerant to very intolerant 
of competition (Florence in press). The competitiveness of eucalypts for 
site resources can be expressed in the relatively rapid segregation of an 
even-aged regrowth stand into definable dominance classes with a large 
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number of suppressed trees {lncoll 1974). Alternatively it may be 
expressed in their response to heavy thinning (Florence 1995 in press). 
In even-aged stands the natural rate of change in stand composition (self-
thinning) varies considerably and is a function of species and stand 
density, as well as inherent conditions associated with site quality and 
climate. 
Incoll {1974) demonstrated a strong correlation between site index 
(quality) and the number of live stems in fully stocked stands of young E. 
sieberi. Borough et al {1978) suggested E. sieberi has a much slower rate 
of self-thinning, compared to other commercial species, especially on 
poor quality sites. Opie et al (1984) classified E. sieberi as intolerant but 
more tolerant than E. delegatensis R. Baker, E. regnans F. Muell., E. 
nitens Deana and Maiden, E. saligna Smith, E. grandis Hill ex Maiden, 
and E. diversicolor F. Muell. 
Florence (in press) has pooled data from various sources to demonstrate 
the rate of self-thinning in several commercial eucalypt species (Figure 
3). In Figure 3, the self-thinning rate of E sieberi varies v;1ith site quality 
as noted by curves 12-14. For comparison E. regnans on high quality 
sites can self~thin to approximately 1800 at 12 years of age, whereas E. 
sieberi on good quality sites still retains stockings of 1800 at an 
approximate age of 38 years. At the other extreme E. obliqua on poor site 
quality although not shown on Figure 3 would have a curve well above 
species number 14 (Florence pers. comm). In high quality sites in 
Tasmania the rate of self-thinning in E. obliqua stands ''}~pears to be 
much faster (Goodwin 1990). 
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Figure 3. Pattern of self-thinning of eucalypt species from Florence (in 
press) 
Pattern of self-thinning in stands of eucalypt species: (1) to (4) E. regnans; (5) 
E. diversicolor; (6) E. delegatensis; (7) E. grandis plantation in Australia; (8) 
& (9) E. grandis plantation in South Africa; (10) E. maculata, high quality 
site, south coast NSW; (11) E. pilularis on moderate quality site; E. sieberi on 
sites of high (12) to low (14) quality; (15) stocking in E. marginata regrowth 
at 15 years 
3.5 Diameter, basal area and volume response to thinning 
Early growth in diameter increment, stand basal area and volume can be 
spectacular in eucalypts (Jacobs 1955). Opie et al (1984) indicated that 
growth response to thinning in eucalypts is similar to that obtained from 
any moderately light-demanding, even-aged forest species. The mean 
diameter at breast height (1.3 m) over bark (dbhob) for a given density is 
influenC'~d by age, species and site quality and naturally increases with a 
reduction in stocking (Schonau and Coetzee 1989). 
Results from the YEP indicate that thinning accelerates the diameter 
growth rate of residual trees, does not alter the rate of height growth and 
provided that the thinning is not too 'heavy' does not appreciably reduce 
the total wood production on any given site (Kerruish 1991). The YEP 
focused on thinning young ( <20 year old) forests, as the earlier that basal 
area in highly stocked stands is removed, then the sooner growth is 
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concentrated on the residual crop trees. This corresponds with the trend 
that most even-aged stands attain maximum current annual increment 
(CAI) in basal area by age 10 and in volume by age 20 and maximum 
mean annual volume increment (MAI) by age 50 (Opie et al 1984). 
Higher stand density usually delays culmination of MAI (Schonau and 
Coetzee 1989). Therefore early thinning ensures growth is concentrated 
on fewer trees while the stand growth rate is relatively high. 
Opie et al (1978) presented data from a thinning trial in E. pilularis at age 
8 in Queensland (reported earlier by Henry 1960) that demonstrated the 
effects of different stocking at age 19. The data showed whilst heavy 
thinning reduced total basal area it increased mean tree size, 
merchantable volume and net returns at age 45. 
Webb (1966) found with E. regnans that rapid growth in net basal area 
occurs to about age 25 years and then tends to flatten off as mortality 
becomes increasingly severe. Webb (1966) suggests that thinning within 
fairly wide limits does not alter gross production but it can increase net 
merchantable production per hectare. Basal area production was only 
lost where the stand was reduced to the extent that retained trees could 
not utilise the newly available site resources or if the stand was at an age 
which would not respond due to a loss of vigour (Webb 1966). This is 
likely to be close to or after the year of maximum MAI. Hall (1959) found 
in studies of E. sieberi in Erica, Powelltown, Briagalong and Nowa Nowa 
(Victoria) that maximum MAI occurs between 40-50 years of age. Webb 
(1966) suggested that a response to thinning could be obtained prior to 
this age. 
Webb and Incoll (1969), in a study of E. regnans ranging in ages from 7 to 
42 years of age, found that gross basal area increment (mortality included) 
in stands older than 30 years was not reduced by more than 10 percent 
until the basal area removed by thinning exceeded 50 percent. They also 
found that younger stands could be thinned more heavily than 50 
percent without reducing basal area increment. This resulted in some of 
the upper dominance clases being removed to promote significant 
diameter growth of retained trees (Webb 1966, Webb and Incoll 1969). 
Goodwin's (1990) results from a 16 year old thinned E. obliqua trial in 
Tasmania concur with Webb and Incoll's (1969) findings with the highest 
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increment attained on plots where approximately 55 per cent of the basal 
area had been removed. In another study by Goodwin (1990) in 50 year 
old E. obliqua, net basal area growth over a 20 year span was maximised 
at a stocking of 140 stems ha-1 (approximately 50 percent basal area 
removed at thinning). Raison and Connell {1992) concluded from 
Goodwin's analysis that absolute diameter response to thinning was 
greatest at younger ages, but relative responses were age independent. 
Goodwin (1990) used critical basal area (CBA), defined as the basal area 
for which gross basal area increment is 95 percent of maximum, as a 
measure of site utilisation. Stands with greater densities than CBA do 
not significantly increase: production, however stands with lower 
densities have a marked reduction in basal area increment. Competition 
between trees continues to occur until the retained basal area is reduced 
to about half of the CBA. Individual tree growth can be further 
maximised below this point, but at the cost of sub-maximal stand 
production (Goodwin 1990). Goodwin's findings based on CBA generally 
support Webb's (1966) studies with E. regnans. 
West and Osler {1994) have also found no net loss in stand basal area as a 
result of spacing trials of 8 and 12 year old E. regnans regrowth in 
Victoria and Tasmania, even though basal area in the hvo sites was 
reduced by 81 and 74 percent. After four years there was a substantial 
growth response to thinning in individual tree diameter growth rates. 
West and Osier's study found that the above-ground dry biomass 
production in the thinned stand equalled that in the unthinned stand, 
even though it had half the leaf area index of the unthinned stand. 
Therefore, net production per hectare in the spaced stand was unaffected 
by spacing. 
West and Osier's (1994) results show an immediate and substantial 
growth response to thinning in diameter growth rate, They suggest this 
was due to an increase in availability of site resources, particularly water 
and nutrients to residual trees. West and Osler (1994) did not attribute 
the immediate response to the increased amount of light absorbed by 
expansion of crowns in the short-term, as it takes several years for 
crowns to expand. However, West and Osler (1994) found that there was 
an increased amount of light available to the canopies of residual trees as 
thinning reduced inter-tree shading. West and Osler's findings support 
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the results from Webb's {1966) earlier research who found that there was 
no delay in response to thinning 30-year old E regnans. 
Unpublished results from an unreplicated E. sieberi early spacing 
demonstration at Spring Creek in the Orbost Forest District (Victoria) 
showed that different stocking reductions at age four resulted in large 
differences in basal area per hectare at age 21 (DCNR) Stockings of 
approximately 1500, 1000, 500 and 250 stems ha-1 at age four had a basal 
area of 52, 45, 30 and 22 m2 ha-1 respectively at age 21. The control plot 
also had a basal area of 52 m2 ha-1. However the control was not included 
as a comparison for the treated areas as the initial quadratic mean dbhob 
was considerably less than the other treatments (DCNR). In addition the 
control plot area was 0.01 of a hectare compared to 0.04 hectare for the 
treatment areas (DCNR). However this demonstration still illustrates 
that stocking reductions of less than 1500 stem ha-1 at age four can reduce 
basal area at age 21. Future merchantable volume analysis of this trial 
will provide useful data on the overall merits of early spacing. 
Connell and Raison (pers. comm.) have demonstrated in high quality 
(CAI approx 20 m3 ha-1 yr-1 at age 30) E. sieberi regrowth in the EGFMA 
in thinning from below to reduce stocking from 1240 to 230 stems ha-1 
and basal area by approximately 40 percent, that there was a 40 percent 
response in stand basal area on retained trees compared to the unthinned 
stand indicating no net loss in stand increment after two years. 
Furthermore with the addition of 100 kg of nitrogen and 100 kg of 
phosphorus ha-1 there was a 76 percent increase in stand basal area 
compared to the unthinned stand during the initial two years (Connell 
and Raison pers. comm.). 
There is sufficient evidence from published research from Victoria and 
Tasmania with E. regnans and E. obliqua to generalise that at least 50 
percent of the basal area of a young fully stocked stand can be removed 
without a decrease in stand gross basal area increment within a short 
period (1-2 years). Eucalyptus sieberi growth and mortality rates in even-
aged stands have been shown to fall between E. regnans and E. obliqua 
(Figure 3), suggesting that a 50 percent reduction in basal area at age 10 or 
younger is likely to result in no net loss of basal area increment after the 
first year(s). The first hypothesis in this sub-thesis: that the decreased 
stocking of the three spacing treatments will result in increased diameter 
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and basal area increment on retained stems compared to the control is 
based on the findings from the literature. The recent unpublished data 
from E. sieberi thinning trials provides further evidence to substantiate 
this hypothesis. 
3.6 Duration of spacing response 
The economic justification for early spacing is dependent on the 
magnitude and longevity of the growth responses obtained and whether 
the cost can be more than recouped from subsequent harvests. The 
duration of thinning is often related to the age when first thinning is 
undertaken, how intensive and frequently the thinning occurs, the 
thinning method used and species (Florence in press). 
Florence (in press) suggests that the timing of the first thinning may be 
critical for the intolerant or very intolerant species. Species with an early 
peak in their annual volume production need to be thinned prior to this 
peak, in order to maximise the rate of stand volume on residual trees 
(Florence in press). Where thinning is postponed beyond the age of peak 
stand volume production, there will be some response in crown and 
diameter growth, but it may be below the potential achievable if thinning 
had occurred at an earlier age (Florence in press). Florence further states: 
"it would be desirable to thin a stand before the 'rise of the green 
crown' seriously affects the green crown ratio (depth of green 
crown/ total tree height), and hence the potential of trees to 
respond vigorously to release". 
In fast growing species this may be within 2 to 4 years of crown closure 
whereas the timing of thinning for the tolerant but 'persistent' species 
such as E. obliqua, would be less critical because the effects of competition 
on the tree condition are less apparent (Florence in press). 
The duration of a response is also dependent on the thinning intensity. 
Too great a reduction in basal area can cause decreased volume on 
retained trees due to a lag in root and crown development, as ~~.-ell as 
causing branches to either persist or develop; too 'light' a thinning and 
the stand will quickly regain full utilisation of site resources resulting in 
suppressed or dying trees (Florence in press). 
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Moreover, if early espacement is not 'heavy' enough, a significant 
growth response will not be sustained by the time of the first commercial 
thinning or final harvest. This was the response to thinning 28-year-old 
high elevation E. delegatensis near Bombala NSW (Horne and Robinson 
1990). By age 28 (the commencement of the trial) the stand was already 
down to 1000 stems ha-1. Plots exhibited such rapid natural stocking 
reduction from age 28 that there was little difference between plots 
reduced to 747 and 420 stems ha-1 and controls by age 60. They found 
only a small average net basal area increase of 0.59m2 ha-1 for the 150 
largest diameter trees over a 31 year period (<0.2 m2 ha-1 yr-1), when 
compared to the unthinned stand. Horne and Robinson {1990) 
concluded "as a consequence of the propensity to self-thin little 
additional stand growth was gained from thinning". However Horne 
and Robinson (1990) did not analyse other operational benefits such as 
lower harvesting costs as identified by Kerruish et al (1993). 
Webb (1966) found under moderate thinning, a 30-40 percent reduction 
in basal area in 30 year old E. regnans, that the duration of response in 
diameter growth rates lasted up to six years, whereas under heavy 
thinning, for example a 60 percent reduction in basal area, the response 
lasted for at least 13 years. However Florence's (in press) analysis of a 
longer study (27 years) of E. regnans, which compared no thinning of an 
eight-year-old stand of 3023 stems ha-1 to thinned stands of 1235 and 879 
stems ha-1, that there was no 'appreciable' difference in basal area at age 
35. Florence (in press) points out that both E. delegatensis and E. regnans 
are characterised by rapid early growth and self thinning (Figure 3), 
which would make it important to thin early and heavily as well as 
frequently in order to continue the response and to capture the 
production capacity of both the species and site. Florence (in press) 
suggests this would apply to most eucalypts, especially the more 
intolerant species. Webb's (1966) findings do not necessarily contradict 
Florence's summary. The different conclusions may be partially 
attributed to the longer time period in Florence's analysis, the later age 
when the first thinning occurred in Webb's work and/or the different 
comparisons of stocking and basal area reductions. For example 
Florence's analysis of the longer study may have only removed smaller 
stems and therefore a relatively small percentage of the basal area 
compared to Webb's (1966) trial which removed 30-40 percent. 
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For the more intolerant but 'persistent' species such as E. obliqua, 
Goodwin (1990) showed the duration of response to thinning was at least 
20 years for a 50 year old stand. However, in another study of 25 year old 
E. obliqua, Goodwin (1990) found the initial rapid growth response of 
thinning would be short in duration unless additional thinning was 
carried out or basal area was severely reduced by 77 percent to allow for 
free growth. Goodwin's research occurred on a good quality site (site 
index of 40 - 45 based on height at age 50). On poor sites, E. sieberi and E. 
obliqua are naturally slower to self-thin compared to E. regnans and E. 
delegatensis (Figure 3), hence a later early spacing and/or commercial 
thinning could still achieve substantial increment on retained trees 
(Florence pers comm). 
The literature shows that the duration of any spacing response is 
dependent on the basal area or stocking reduction, and that species and 
site are important parameters. Eucalyptus sieberi' s slightly more 
persistent nature than other ash species suggests that an appropriate 
initial basal area reduction may result in a prolonged growth response 
compared to E. regnans and E. delegatensis. 
3.7 Distribution of increment 
The objective of early spacing can be to increase the amount of pulpwood 
and/or sawlogs or to shorten the rotation length for either product. Early 
spacing can also result in greater uniformity of tree size making 
harvesting more economical. Therefore it is important to know what 
dominance/ diameter classes gain the increment when a stand is 
thinned. Overall the literature suggests the dominance class that has the 
greatest response to thinning is largely dependent on the severity of 
thinning and the species. 
Curtin (1968 from Opie et al 1984) found in a dense unthinned stand of 
advanced aged E. obliqua regrowth that the dominant and co-dominant 
trees comprised 51 percent of the total number of trees, but contributed 80 
percent of the total basal area, 89 percent of the total canopy cover and 
accumulated 96 percent of the total gross basal area increment. Webb 
{1966) also found with 30 year-old E. regnans in Toolangi, Victoria that 
the distribution of basal area was biased to the largest 10 percent of the 
trees, rather than the smallest 40 percent of the stand. Webb (1966) found 
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a large proportion of basal area in the form of small sized trees could be 
removed from a stand with little effect on gross basal area increment. 
Opie et al (1984) summarised several spacing trials and found that the 
effects of competition on growth of dominants is considerable for 
eucalypts. They demonstrated this response for E. pilularis and E. 
regnans, and concluded that the response of the ash~type eucalypts to 
thinning was fairly typical of other shade intolerant species in that the 
dominants usually respond markedly, but the suppressed trees do not. 
Raison and Connell (1992) suggest that the same conclusions appear to be 
true for E. sieberi based on spacing treatments applied to young 
(<10-year-old) stands during the 1960's and early 1970's in East Gippsland 
and the Eden region of NSW. 
Schonau and Coetzee (1989) found in E. grandis (Hill) Maiden plantation 
trials that even if thinning is extremely heavy the response of suppressed 
trees is limited. This was attributed to the fact that crowns and roots take 
time to respond. However this is not the case for very young trees with 
rapidly expanding crowns and roots (Schonau and Coetzee 1989). 
Findings that show suppressed trees not responding to thinning are 
important as the benefits from thinning could be thwarted if there was a 
significant response. 
The responses of retained trees within the larger size classes (dbhob) are 
discussed below. 
In a 16 year old E. obliqua thinning trial with a site index of greater than 
40m (height at age 50) in the Geeveston area of Tasmania, Goodwin 
(1990) found with stocking retention rates of 150, 250, 350, and 500 stems 
per hectare (sph) that all intensities increased the growth rates of 
intermediate, co-dominant and dominant trees. The heaviest thinning 
resulted in a three-fold increase in the diameter growth rate of 
intermediate trees and a two-fold increase for dominant trees. Goodwin 
largely attributes this to dominants already having a competitive 
advantage on site resources. Goodwin (1990) suggested that dominant 
trees could have had a greater response if basal area had been further 
reduced (assuming dominants were closely spaced). 
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Horne and Robinson (1990) found in a 28 year old E. delegatensis stand 
thinned to 730, 416, 269 and 189 stems ha-1 that there was no significant 
difference in basal area of all treatments and the control. However, they 
found that the distribution of diameter increment post-thinning at age 59 
years was dbhob (dominant class) dependent. They found a significant 
positive (a = 0.05) response in dbhob on the largest 50 trees ha-1, no 
significant response on the 51-100 largest trees ha-1 and a negative 
response (a= 0.05) on the 101-150 largest trees ha-1 when compared with 
unthinned controls. Horne and Robinson (1990) concluded that 
thinning had widened the stand diameter distribution. 
In summary the response of larger dbhob trees to spacing in young even-
aged stands is dependent on the species, age of spacing and thinning 
intensity, with some conditions favouring intermediate trees while 
other conditions encourage the more dominant trees. However the 
literature shows that in general the response of suppressed trees is 
minimal compared to larger dbhob trees. 
3.8 Stand height and branching 
Tree height and branching characteristics are important parameters 
when considering early spacing regimes as they effect sawlog volume 
and log quality. 
3.8.1 Stand total height 
Compared with many other forest species, most eucalypts are capable of 
rapid height growth at an early age (Florence in press). The majority of 
eucalypts achieve their largest annual height increment between the ages 
of 5 to 10 years. Height for most species is closely correlated with the 
productivity capacity of a site, age, site quality and species and is little 
affected by stand density and intermediate thinning (except for thinning 
from above) (Schonau and Coetzee 1989; Opie et al 1984; Goodwin 1990). 
In E. regnans regeneration trials, Marks et al (1986) found spacing had a 
relatively minor influence on mean dominant height (MDH). They 
found a planting density of 420 stems ha -1 produced the shortest trees 
with the highest density (6720 trees ha -1) also producing a depression in 
MOH, but these results were not statistically significant compared with 
3360 and 1680 trees ha-1 at age 18. Results from a thinning trial by Webb 
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{1966) concur with Marks et al (1986) which found there was no 
significant decrease in height when 25 year old E. regnans was thinned to 
60 percent of its initial basal area. In another spacing trial Webb {1966) 
also showed no significant difference in MDH for E. regnans where 
stocking varied from 420 to 6700 tree ha-1. 
Opie et al (1984) generalised for eucalypts that an increase in initial stand 
density can reduce mean stand height but not necessarily mean 
dominant height (MDH). Opie et al (1984) found in a plantation study of 
E. pilularis after 11.5 years, that height of dominants did not change with 
stockings between 121 and 1249 trees ha-1. Opie et al (1984) cited another 
study of E. grandis on a high quality site that showed a decrease in 
stocking which resulted in an increase in MDH. They found that top 
height after 22.5 years increased with decreasing stand density between 
1800 and 124 trees ha -1, but below the latter density there was a notable 
decrease in height. 
Schonau and Coetzee (1989) concluded from plantation experiments that 
with stockings between 1000 and 2000 trees ha-1 the MDH did not 
increase, but the mean stand height decreased with increasing stand 
density. Similarly, Incoll (1974) suggested that in young very dense 
(94 000 seedlings ha-1) E. sieberi stands in East Gippsland height growth 
was suppressed. 
Although extremely high or low stocking may result in decreased stand 
height the literature indicates that there can be a wide variation in 
stocking without influencing MDH height. 
Reductions in stocking and basal area carried out with current early 
spacing techniques in native forest are well above the lower limit which 
could likely negatively effect MDH. Stand height however could 
decrease when spacing is non-selective due to the removal of dominant 
trees. 
3.8.2 Green height, tree form a~j wood ~ual.ity . 
When the primary product hem spacing is sawlog production, forest 
managers are particularly concerned with the green height as this directly 
relates to the amount of knot-free wood (Webb 1966). In eucalypt stands, 
branches generally die earlier and at smaller sizes as stand density 
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increases (Webb 1966). However, when a large percentage of trees are 
removed from a stand, green height (height to the lowest live branch) 
may be reduced. 
Eucalypts which show self-thinning in dense stands usually exhibit 
strong apical dominance. This growth habit lends itself to the 
establishment of stands at wide initial spacing, in the knowledge that 
acceptable tree form will be maintained (Opie et al 1984). This growth 
characteristic has been largely capitalised upon in eucalypt plantations 
and can be applied to even-aged stands of any origin (Florence in press). 
Branch shedding can be fairly effective down to low stand densities. 
Hasting and Opie {1974) found with ash type eucalypts that the 
merchantable height of the dominants was little affected by green 
branches or stubs if initial stand density exceeded 500 tree ha-1 or if live 
pruning was carried out. However, below this stocking branches either 
persisted or developed on residual trees following thinning, leading to 
larger knot size and a potential reduction in timber quality (Hasting and 
Opie 1974). In another study of 11.5 year old E. pilularis it was found that 
the green level increased at different rates depending on stocking, the 
slower rates associated with plots of lower density (Opie et al 1984). 
An early study by Jacobs {1955) indicated that in general branch diameter 
should be kept below 25 mm on the bole if it is to be used for sawlogs. 
However Jacobs. {1955) also suggested that studies of individual species 
were needed to refine his preliminary findings. Marks et al's {1986) 
more recent work examined branching in 20-year-old E. regnans. They 
found that planting density did have a strong influence on the 'green 
level'. They found a positive correlation (r2 = 0.95) between branch size 
and successful occlusion for E. regnans indicating that successful branch 
occlusion was highly dependent on branch diameter. Branches larger 
than 10 mm in diameter had a 65 percent chance of successful occlusion 
(approximately) and this decreased rapidly as diameter increased above 
this size. Moreover, the probability of defect occurring in the main stem 
during the process of branch occlusion increased rapidly as branch 
diameters exceeded 10 mm. 
Marks et al {1986) found that defect caused by branching was affected by 
increasing crown depth (the larger the crown depths the larger lower 
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branch size) and increasing spacing between trees, which also directly 
increases crown depth. Because mean dominant height was only 
marginally influenced by stand density, Marks et al (1986) suggested 
branch size in stands up to 20 years of age should be smaller and 
occlusion rates more rapid at higher stocking densities. They concluded 
for E. regnans that thinning should only be carried out after the clean 
bole from which sawlogs will be harvested has developed. 
Marks et al's (1986) recommendations concur with those of Webb's 
(1966) who found in 30 year old E. regnans that the heavily thinned plots 
(approximately 60o/o reduction in basal area) had a significantly lower 
green level compared to lightly thinned plots (30-40 percent reduction in 
basal area) and the control. Webb (1966) suggested that the green height 
at the time of heavy thinning is unlikely to increase. In another study 
Webb (1966) found in thinned 25 year old E. regnans that the green 
height of dominant trees in a thinned stand was lower than in an 
unthinned stand when basal area was reduced by 68 percent (no level of 
significance was provided). This led to Webb's (1966) prescription that 
thinning of E. regnans for sawlog production should not be done until a 
sufficient clear bole was present. '\iVebb (1966) found that the age 
associated with this "clear bole' was dependent on initial stocking and 
site quality. 
Goodwin (1990) also concluded from work on E. obliqua, that thinning 
should not occur until there is a satisfactory length of clear bole unless 
manual pruning is contemplated. 
Sawlog quality is not only influenced by the presence of lower branches, 
but problems with the occlusion process of branch stubs and formation of 
epicormic buds can also down-grade timber. Marks et al (1986) found 
with E. regnans and E. sieberi that stain and kino veins frequently 
formed during the process of occlusion and sometimes kino pockets 
formed as a result of localised fungal infections at the stub. They 
concluded most fungal decay in the upper trunk could be traced to dead 
unshed branches or stubs that had not been completely occluded. In 
addition, with E regnans, they found that when branches develop 
heartwood, ejection of the whole branch or its stub was delayed and was 
a major source of upper log defect. 
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In summary, the results from E. regnans, E. pilularis nnd E. obliqu.a 
density and branching studies suggest that stocking ri~d b;\&a! urea 
reductions can affect branch size and retention if stocking is se11erely 
reduced. The recommendations of Webb {1966), Marks et al (1986) and 
Goodwin (1990) of not thinning until the clear bole is formed all pertain 
to sawlog production and the same conclusions may not be applicable if 
the emphasis is for pulpwood. Furthermore their 1·esearch does not 
include E. sieberi. The response of E. sieberi to similar stocking 
reductions may be different as Jacobs (1955) cornm'.'nted on its 
exceptional ability to self-prune even at low stockings. Furthermore the 
thinning literature which suggests that branch retention can be a 
potential problem relates to high basal area r!::dt1dions at ages in excess of 
20 years. For young stands with extreme! y high sto~king a moderate 
reduction in basal area may not have a detrimental effect on green 
height. The stocking in the Cann River b·ial was in. excess of 19 000 stems 
ha·l (Section 4.3). This led to the hypoetesis: that there would be no 
significant difference in green height betwrrn the different treatments 
and the control as stated in Section 1.4. 
3.8.3 Epicormic formation 
Formation of epicormic buds post-thjnni.~-.g can also potentially decrease 
bole quality (Opie et al 1984). Eucalypt stands thflt are spaced or thinned 
by mechanical means (vs herbicic1.c-) can prodnce rpicormic shoots on 
both the branches and bole of retained trees (West 1991). This is partly 
due to the presence of suppressed trees, as small trees are more difficult 
to treat with herbicide (Kerruish pers. co:rnm.). A herbidde treated stand 
also has a higher total basal area (including deDd \rees) as poisoned trees 
require time to die and fall, whereas trees that arc physically removed are 
'gone instantly' (Connell pers. comm.). The denser stand discourages 
epicormic buds from emerging as trees rub against retained trees. This 
bud 'crownshyness' has been reported by Jacobs (1955). 
Most species in the stringybark/silvertop-ash forest type are 
lignotuberous and produce vigorous epicormic shoots (Bridges and 
Dobbyns 1987). Eucalyptus sieberi is the exception as it is non-
lignotuberous and its epicormic shoots often lack vigour. In addition, 
the smooth bark of the upper bole and crown of E. sieberi often fail to 
protect epicormic buds from heat damage resulting in dead tops in fire-
affected stands (Bridges and Dobbyns 1987). 
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The formation of epicormic buds has the potential to decrease log quality, 
while coppice or excessive understorey may decrease the growth 
response from spacing. 
3.9 Coppice and understorey competition 
The possible effects that vigorous coppice development and understorey 
vegetation may have on the growth rate of retained trees after spacing 
has been widely discussed by forest managers (Raison and Connell 1992). 
However, despite the potential importance of coppice and understorey 
competition little research has been done to quantify its effect. 
Henry (1960) estimated the effect of coppice and understorey in E. 
pilularis forests on high site quality in Queensland. Henry (1960) 
compared basal area growth in stands which had been thinned at age 19 
to 247 trees ha-1, where coppice was regularly controlled to that which 
was left to develop. By age 35 basal area accumulation was approximately 
17 percent greater on plots where coppice had been controlled. Where 
coppice had not been controlled it contributed approximately 8 percent of 
the basal area of the stand. 
Henry's (1960) work was carried out in an area with an annual rainfall of 
1750 mm on relatively fertile soil. Raison et al (1991) suggests that the 
conditions created in East Gippsland through the larger amount of 
competing vegetation and drier and poorer nutrient levels in the soils 
may make coppice competition more important than Henry:s study 
showed. 
Coppice is not a problem for species such as E. regnans as it does not 
coppice readily (West 1991). However, for E sieberi which has a high 
coppice potential there can be reductions in growth of retained trees 
(Opie et al 1984). Preliminary analysis of E. sieberi growth rates from 
studies in the EGFMA show that in 26 and 28 year old E sieberi stands 
there is an approximate 50 percent basal area response to thinning (45 
percent removal of basal area) during the first year after treatment if 
regeneration of coppice is controlled and about a 37 percent response 
without coppice control (Hoare 1993). Raison (pers. comm) found a 
similar result with commercially thinned 30 year old E. sieberi in the 
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EGFMA. A forty percent reduction in basal area during thinning 
resulted in a 43 percent increase in basal area where coppice (5 m in 
height after 2 years) was present, however ¥.1here coppice had been 
mechanically removed there was a further 16 percent increase in growth 
rate (Raison pers. comm). 
Hoare {1993) summarised coppicing capacity of stumps after early spacing 
in an East Gippsland site according to stump height, season of felling, age 
of trees and differences between E. sieberi and E. globoidea. In his study 
of 10 and 14 year old E. sieberi and E. globoidea, 90-100 per cent of stumps 
showed coppice growth 32-40 weeks post thinning. The number of 
coppice clusters produced by E. globoidea was about twice that of E. 
sieberi. Stump height of 60 cm vs 10 cm did not affect the number of 
stumps producing coppice, but the density of coppice clusters was nearly 
double for 60 cm stumps than for 10 cm stumps for both species. Hoare 
{1993) attributes this to the proportionally larger number of viable 
epicormic buds in the taller stumps. Brack's (1982 ) study of E. obliqua 
examined the formation of buds on 2 metre high stumps. Brack (1982) 
found more buds to be present on the upper portions of the stump and 
partially attributed this to bark thickness as buds higher up the stump 
had to push through less bark. 
In Hoare's (1993) study of East Gippsland trials, height growth of coppice 
exceeded 3m within 2 years with E. sieberi growing faster than E. 
globoidea. Stump height did not have a significant effect on coppice 
growth rates (Hoare 1993). 
The percentage of stumps producing coppice after summer and winter 
felling was comparable, although it took stumps cut in winter up to 26 
weeks for buds to emerge, compared to summer harvesting which 
stimulated bud emergence after 6 weeks (Hoare 1993). 
Hoare's (1993) data showed that the capacity of stumps to coppice 
diminishes with age. He attributed this to the reduction in the number 
of viable epicormic bud strands with increasing distance from the apical 
meristem where epicormic buds are formed. These findings may be of 
particular interest to early spacing work, where stems are removed at a 
young age. 
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Results from trials with other native species in Australia also suggest 
that coppice growth can reduce retained stem growth. In thick (52 000 to 
163 000 trees ha-1) even-aged white cypress pine regeneration, Horne 
(1990) found that coppice must be controlled to maximise the advantages 
of early spacing (age 7) for subsequent thinnings. Horne (1990) estimated 
that rotations of white cypress pine could be reduced from 100 years in 
unspaced stands to an estimated 60 years if spaced to 2.4 m and coppice 
was controlled. When coppice was uncontrolled rotations were still 
predicted to be 100 years. 
Vigorous understorey can also have a detrimental effect on thinning 
response. Goodwin (1990) provided raw data but no statistical analysis of 
the effects of Pomaderris apetela on the growth of E. obliqua near 
Smithton, Tasmania. The study compared the effects of a thinned stand 
(1235 steins ha-1) to an unthinned control with three levels of 
Pomaderris (zero, 2470 and 'infinite' clumps ha-1). Thinning occurred at 
age 2 and by age 18 the mean diameter of dominant thinned eucalypts 
with and without Pomaderris was 27 and 31 cm respectively, mean 
heights were 22 and 26m respectively. Thinned Pomaderris (2470 clumps 
ha-1) had the same effect on eucalypt growth as unthinned Pomaderris, 
indicating that E. obliqua may be a poor competitor for the niche 
occupied by Pomaderris (Goodwin 1990). 
West and Osler (1994) studied the effects of understorey dominated by 
sedge on thinning 8 and 12 year old E. regnans. They found that basal 
area production was less in the thinned stands where sedge had 
developed post-thinning. The development of sedge was in response to 
increased light after thinning (West and Osler 1994). 
West (1994) found in both Tasmania and Victoria that thinning in E. 
regnans produces large diameter increases (0.5-1.0 cm per year). However 
Tasmanian stands which developed understorey following thinning had 
a fall in dry matter production from 6.9 to 3.2 tonnes ha-1 per year. In 
contrast thinned and unthinned stands in Victoria grew at the same rate 
of 11.4 tonnes ha-1 per year. West (1994) believes the difference in 
growth rates can be attributed to the fact that the very vigorous 
understorey of cutting grass developed in Tasmania which competed for 
site resources, mainly water. 
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From the literature it is apparent that coppice post-spacing and 
understorey vegetation can affect the short-term growth rates of retained 
trees. It is essential for forest managers and researchers to monitor 
coppice development post-spacing to determine the duration of its effect. 
It may be important to develop spacing technologies that minimise 
coppice and understorey growth to maximise the potential benefits 
associated with spacing. 
3.10 Spacing technologies 
Many methods of reducing stocking in regrowth have been trialed. The 
most appropriate technology depends on stand density, required 
thinning intensity, stem size and mobility within the stand understorey. 
Clearing saws have been specifically designed for cutting small diameter 
stems in dense stands in Finland (Incoll 1978). They are used extensively 
in Scandinavia for the removal of deciduous hardwoods and for spacing 
dense coniferous regrowth (Kerruish et al 1992). Clearing saws are used 
in Sweden to space approximately 360 000 hectares annually (Hellstrom 
1992). 
Early work by Incoll (1987) compared productivity of thinning four and 
eight-year-old E. regnans with a clearing saw, small chainsaw and 
manual tools. lncoll found the clearing saw was suitable for thinning 
where logs and wiregrass thickets were minimal and dbhob was less than 
8 cm. The chainsaw was a more productive method of thinning in all 
other stands. The advantage of the chainsaw increased with tree dbhob, 
while productivity of the clearing saw method decreased. Manual tools 
such as an axe or slasher were less productive than either mechanical 
method (Incoll 1978). 
More recent studies by Roberts and McCormack (1991) in the YEP also 
examined use of chainsaws and clearing saws, as well as a foliar 
application, basal bark and stem injection of herbicide. They compared 
these technologies for economic productivity, effectiveness and safety, 
but did not examine the growth response. 
Results from the YEP showed that the foliar and basal bark application 
were difficult to implement and not as effective as the stem injection 
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technique. A stem injection of glyphosate was the most appropriate 
treatment for E. obliqua and E. regnans between 5.0 and 30 cm dbhob 
when the number of stems per hectare to be removed was less than 2200 
(Roberts and McCormack 1991). When the number of stems for removal 
was over 2200 ha-1 and the tree size was less than 8 cm the clearing saw 
was the most effective. The stem injection of herbicide was also 
increasingly favoured as the quantity of ground obstacles and 
understorey density increased (Roberts and McCormack 1991). 
Fertilisation has also been considered as a means of 'spacing', with the 
objective that the higher productivity induced by improved nutrition 
will accelerate the self-thinning process (Kerruish pers. comm.). Raison 
(pers. comm) has shown that there can be a significant response in 
unthinned stands of E. sieberi with the application of small amounts of 
nitrogen and phosphorous. Fertilisation could prove to be a useful 
mechanism to accelerate sawlog production in areas where spacing and 
commercial thinning is constrained by topographic and stand factors 
(Raison pers. comm). This could also prove to be of significant value in 
areas where there are few mechanical harvesters working such as in East 
Gippsland, as the area each machine can thin annually is modest 
(approximately 300 hectares for a Waratah harvester) (Raison pers 
comm.). 
Other methods of spacing dense regrowth involve wheeled or tracked 
slashers that non-selectively thin. Mechanised thinning can be relatively 
inexpensive to implement and has the advantage that the same outrow 
could easily be re-established during subsequent harvests thus 
improving efficiency of later harvests (Kerruish pers. com.). 
Mechanisation of non-selective spacing (or corridor) has been developed 
in Nordic countries for over ten years with several wheeled machines 
now commercially available (Freij 1991). Corridor spacing using 
mechanical methods is also being developed in Canada where large areas 
of even-aged coniferous regrowth exist. Low cost mechanical swathe 
spacing has also been used in Australia to space white cypress pine 
(Horne 1990). 
Wells (1991) provided a matrix based on slope and level of debris on the 
forest floor which helps determine accessibility for mechanical wheeled 
or tracked slashers and thinning which involves operators walking 
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though the stand using a mechanical device to remove or poison stems 
(Figure 4). 
Controlled burning with a low fire intensity has also been trialed in the 
EGFMA as a means of spacing dense regrowth. It has proven to be 
unsuitable in stands less than 20 metres in height where the fuel is 
largely elevated due to the presence of wiregrass (Fogarty 1993; Buckley 
1993). This situation exists over much of the coastal and foothill forest of 
the EGFMA. It is difficult to control the fire intensity so that the correct 
spacing of larger trees is established and to avoid scorching beyond an 
acceptable level (Fogarty 1993; Buckley 1993). This is particularly difficult 
when there is a large variation in the spatial distribution of stems and 
the presence of elevated Tetrarrhena juncea (wiregrass) with dry eucalypt 
fuels interspersed. Moreover, coppice and epicormic buds can form post-
burning, potentially decreasing log quality and growth rates. 
Debris (t/ha) <19 
0-SO 
SO-ISO 
IS0-300 
300+ 
Slope (degrees) 
19-24 25-30 >30 
~J; 
:@ 
Machine thinning practicable 
Other forms of thinning 
(e.g. chainsaw, herbicide) 
practicable 
Inaccessible for thinning 
Figure 4. Matrix for determining accessibility for thinning from Wells 
(1991) 
3.11 Modelling response to early spacing 
Operationally there is a need to be able to predict a response for a .range of 
spacing intensities for different site qualities so that the benefHs from 
spacing can be optimised and economically evaluated. Various stochastic 
and deterministic models have been developed to simulate grovvth and 
predict yield. Deterministic models produce one result for a given set of 
conditions; whereas stochastic models produce various results that will 
reflect the interaction of random effects (Incoll 1974). 
Rayner and Turner (1990) provide an overview of the historical 
development and range of empirical regression models and recent 
mechanistic formulations used to simulate growth and predict yields. 
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Empirical models are usually derived fron1 repeated .measurements of 
permanent growth plots and predict growth based on an ar.nual or 
periodic time interval (Rayner and Turner 1990). Empirical models 
utilise xegression techniques to determine equations which represent the 
best fit function to the observed data (Rayner and Turner 1990). In 
contrast, mechanistic models simulate individual tree or stand growth 
through describing physiological processes, such as the conversion of 
carbon dioxide nutrients and water into biomass through photosynthesis 
(Rayner and Turner 1990). In addition, both empirical and mechanistic 
models have been further categorised based on variables used to define 
the growth process either based on average stand values or by adding 
individual tree growth (Rayner and Turner 1990). 
Incoll (1974) used Opie's {1972) empirical model STANDSIM first 
developed for E. regnans, in conjunction with temporary and permanent 
plot data to simulate the growth of individual trees for E. sieberi. 
STANDSIM simulates stand growth from any nominated age for a 
selected period and can vary site index and initial stand density, as well 
as model thinning regimes (Rayner and Turner 1990). A non-linear 
function of stand density and age is used to predict gross stand basal area 
increment which "is then allocated to individual trees according to their 
relative size, dominance and degree of suppression" (Rayner and Turner 
A \\•C"~~ • • ' 1990). STANDSIM estimates gross merchantable volume of 1ndiv1dual 
trees to sawlog and pulpwood, based on small end diameter but does not 
take into account defect (internal or external) which can down-grade logs 
(Coleman 1989). 
Kellas (1986) used STANDSIM to predict the volume production of a 
series of E. sieberi regrowth stands in East Gippsland. Volume was based 
on actual and estimated data input (some provided by STANDSIM), 
which was subsequently used in STANDSIM to study the effects of 
various thinning regimes on intermediate yields and final volurnes. 
Kellas' (1986) report provided only raw simulated data with no statistical 
analysis, however, he found in very young stands (age 5) that there 
appeared to be a strong case for early spacing to reduce stocking to 1000 
stems ha-1. The results of Kellas' (1986) simulation showed volume 
production to be inversely related to stocking for very young stands. 
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West (1991) used STANDSIM to compared five silvicultural regimes of 
E. regnans in order to evaluate the effects of early spacing and thinning 
on yield and economic returns. The five management regimes were: 
1: no thinning clearfell age 80, 
2: first thinning age 25, clearfell age 65, 
3: first thinning age 15, second thinning age 30, clearfell age 60, 
4: first thinning age 5, second thinning age 20, clearfell age 50 and 
5: same as regime 4 except clearfell age 80. 
The most significant result from West's comparisons was that regimes 4 
and 5 produced higher sawlog and pulpwood yields because of the larger 
tree size distribution (West 1991). However, STANDSIM found the rate 
of total volume production (including volume lost due to thinning and 
mortality) was slightly higher in the unthinned regime than in any of 
the thinned regimes. West (1991) attributed the loss of incr~ment in 
regimes 2-5 to the period required for the stand to gain full site occupancy 
following thinning. Moreover, West's (1991) and Rawlins' (1991) 
analysis of STANDSIM for young stands found it tended to over-
estimate sawlog and under-estimate pulpwood yields, primarily because 
it over-estimated the rate of induced mortality. 
STANDSIM was also used to evaluate different commercial and non-
commercial thinning regimes in Tasmania as part of a study examining 
the benefits of intensive management of native forest (Anonymous 
1984). Similar to West's findings in 1991, the Tasmanian study found 
STANDSIM to inadequately model thinning responses because the 
largest trees responded too well and smaller trees did not respond at all 
after thinning {Anonymous 1984). Several independent growth studies 
carried out in Taemania found that all stems, including smaller dbhob 
stems, generally double their diameter increment after such thinnings 
(Anonymous 1984). The STANDSIM functions developed by Opie (1972) 
did not represent this. The result was a slower mortality rate than 
STANDSIM predicted (Anonymous 1984). The Tasmanian study 
adjusted this anomaly by adjusting how gross basal area increment was 
distributed amongst trees. Previously, the increment was accumulated to 
the power of 1.35 of the basal area of a tree, Tasmanian experience found 
a power of 1.0 gave a satisfactory distribution. 
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Gross basal area increment in STANDSIM is dependent on initial basal 
area. As a result, the heavier the thinning the smaller the stand basal 
area increment. The Tasmanian study found that this method of basal 
area increment accumulation was too low and modified it. H basal area 
removed during thinning was less than 50 percent, the gross basal area 
increment was the same as the pre-thinning increment until such time 
as the modified increment exceeded it (Anonymous 1984). H the basal 
area removed was greater than 50 percent the gross increment was 
linearly proportional to the pre-thinning increment (Anonymous 1984). 
STANDSIM also assumes that trees are uniformly spaced (Incoll 1974). 
However, Hamilton (1984) found that native even-aged eucalypt stands 
are seldom homogeneous units. When heterogeneity exists within a 
stand, whether created by a thinning regime or through its natural 
regeneration process, growth of individual trees may differ considerably 
(Hamilton 1984). 
Ellis (pers. comm) has studied spatial distribution and competition in E. 
delegatensis in Tasmania and has found that the sphere of influence can 
be 35 times the diameter and in young stands this could include up to 25 
competitors. Removal of trees through a corridor type spacing may 
severely alter the growth of trees close to the outrow compared to trees 
well within the bay. It is therefore inappropriate to use STANDSIM to 
predict growth and yield when thinning has been non-selective or if 
there is large variation in the spatial distribution of stems. 
Despite its imperfections, STANDSIM has been used widely to simulate 
growth and to predict yield, often with regional modifications, such as 
those done in Tasmania. It is most reliable when estimating growth 
between a~'?s 20 to 50 years (Coleman 1989). Incoll (1974) suggested there 
would ;.,e merit in investigating the simulation of growth in stands 
younger than age 15, as "many high quality stands could provide 
substantial pulpwood yields by this age". However, estimates of growth 
from younger stands appear to be less reliable due to the high variable 
effects oi mortality (Coleman 1989). 
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3.12 Economic returns in response to early spacing 
The literature on growth indicates that early spacing is likely to result in 
increased tree growth. However, the mechanism of spacing requires a 
large financial investment. The justification for any spacing regime is 
directly related to the magnitude and longevity of the growth response 
obtained and whether the economic investment can be more than 
recouped from products harvested, or from other advantages such as 
decreased harvesting costs (Raison et al 1992). 
Goodwin {1990) suggested that too few thinning trials have documented 
and analysed the economics of early spacing, or the studies that have 
been done have not encompassed the whole rotation length. The YEP 
tried to address this concern by comparing five simulated silvicultural 
regimes using STANDSIM as described in Section 3.11. The analysis of 
the five regimes sh< 'Wed that regime 4 (thinned to waste at age five, 
thinned for pulpwood at age 20 and clearfelled at age 50) had a Net 
Present Value (NPV) of $5800 ha·l compared to $1800 ha·l for the 
unthinned 80 year rotation using an interest rate of four percent 
(Rawlins 1991). Regimes 2, 3, and 5 had predicted values between these 
values. 
Rawlins (1991) found the main reason for the high level of return was 
due to the reduction in rotation length and the difference in mean 
annual increment of 18.3 m-3 ha·l annum-I in regime 4 compared to 11.7 
m-3 ha·l annum·l for regime 1 (Section 3.11). This represented a 55 
percent increase in growth rate (Rawlins 1991). The analysis, as with 
most forestry operations, shows that the absolute gain in NPV between 
the different regimes was very sensitive to interest rates and 
maintenance costs (Rawlins 1991). Rawlins (1991) also found that the 
results were not particularly sensitive to spacing costs. West (1991) 
suggested that even with the potential bias of STANDSIM which under-
estimated the quantity of small diameter trees at harvest, the relative 
gains between regimes should hold. Rawlins' data suggests that the bias 
will be against thinning, as mortality is only over-estimated in stands 
with stocking >1500 stems ha·l and after age 15 only regime 1 had high 
stocking. 
In Tasmania, a comparison of three silvicultural regimes used for sawlog 
production: plantation (P), thinning to waste in native forest (TNF) and 
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native forest without thinning (NT), found that the TNF regime had the 
lowest break-even royalties at a five percent discount rate. Break even 
royalty was defined as the amount of capital required to equate a net 
present value of zero. Growth was predicted using the modified version 
of STANDSIM discussed in Section 3.11 which allowed for a projection 
of stocking, piece size and growth rates (Anonymous 1984). The results 
from the Tasmanian study found that spaced regeneration (TNF) appears 
to be an attractive regime and has the additional advantage of a more 
uniform product and earlier sawlog yields. The study concluded that the 
feasibility of the TNF regime is dependent on careful control of non-
commercial thinning costs and the successful production of logs clear of 
branch stubs. 
Kerruish et al (1992) found the costs of spacing appear to be more closely 
correlated with accessibility and the amount of logging residue and 
undergrowth than with the age or stocking of the stand. In a comparison 
of three technologies over three treatments as described in Section 4.4, 
Kerruish et al (1992) largely attributes the high cost in Table 3 to the 
difficult mobility within the stand due to residual ground wood and 
wiregrass, as well as reliability problems with the equipment. 
Subsequent operations using a stem injection of glyphosate have 
established that by selecting proper sites (with low amounts of ground 
debris) costs could be kept to $300-$450 ha-1 (Kerruish et al 1993). 
The economics of spacing are most attractive where the forest occurs 
close to industry and transport costs are low, the area of well or 
overstocked regrowth is large, the topography is gentle and amount of 
ground debris is low and there are gaps in existing wood supplies that 
could be met through thinning (Kerruish pers. comm.). Areas of coastal 
and foothill forests in the EGFMA meet the first three criteria but fall 
short of meeting the latter two largely due to current utilisation 
standards and a lack of market for pulpwood. 
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Table 3. Cost to space nine-year-old E. sieberi per hectare from Kerruish 
et al (1992) 
Treatment 
Stem injection 
Clearing saw 
Hydro-Ax 
(non-selective) 
Cost to space in 1992 
dollars ha-1 
Residual logs 50-300 t 
ha,:.l 
1158 
1786 
988 
Cost to space in 1992 
dollars ha-1 
Residual logs less than 
50 t ba:l 
786 
1414 
512 
The figures in Table 3 only consider establishment and do not include an 
economic evaluation of the growth response or future efficiencies related 
to different technologies. It is the intention of this sub-thesis to analyse 
both the effectiveness and initial growth response of three spacing 
treatments reported in Table 3 to assist in future evaluation of the 
economic advantage of spacing E. sieberi regrowth using the technologies 
described in Section 4.4. 
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4.0 Methodology 
4.1 Stand establishment 
The spacing trial is located 16 km east of the Cann River township in 
Everard Forest block, just south of the Princes Highway on Mullers Road, 
149°19' longitude and 37°36' latitude (Figure 5). The regrowth was 
established as a result of the 1983 Cann River wildfires that swept 
through East Gippsland and south eastern NSW burning over 253 000 
hectares (Read 1983). The subsequent regeneration had stockings of 
10 000 to 100 000 seedlings ha-1 (Raison et al 1993). The current regrowth 
is largely even-aged, however there are still large mature and over-
mature trees that were not killed in the wildfire. The experimental site 
however was relatively devoid of over-wood and for experimental 
purposes existing mature and over-mature trees were poisont1d or 
ringbarked prior to the establishment of the growth plots in 1992. 
Figure S. Location of Cann River early spacing trial 
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4.2 General site description 
The experimental site has been classified as a stringybark/ silvertop-ash 
forest (Buntine 1984). There are over 258 000 hectares of this forest type 
in the EGFMA (Woodgate et al 1994). The overstorey is dominated by E. 
sieberi but also consists of E. globoidea, E. ba;rteri, E. obliqua and E. 
consideniana (Buntine 1984). The top height at maturity for this forest 
type exceeds 28 m, but is usually less than 40 m (Buntine 1984). In 1992 at 
age nine, pre-dominant top height was estimated at 14.4 m. 
Tetrarrhena juncea (wiregrass) dominates the understorey and can form 
elevated tangled masses up to 3.5 metres in height. These 'live walls' 
severely impede movement and visibility. Pteridium esculentum, 
Gahnia sieberiana and Goodenia ovata also commonly occur in the 
ground stratum (Kutt 1994). The shrub layer also contains species such as 
Pulteanaea mollis, and P. scabra, Hibbertia empetrifolia, Acacia 
genistifolia, A. longifolia and A. terminalis, Platylobium formosum, 
Hakea sericea, Correa reflexa, Persoonia linearis and Elaeocarpus 
reticulatus (Kutt 1994). 
The soils of the site are characterised by hard-setting loams with mottled 
yellow clay sub-soils (Kerruish et al 1992). The topography is generally 
slightly undulating with slopes of less than five degrees. 
Unlike the rest of Victoria, the Cann River site is subject to a strong 
easterly weather influence which results in an average rainfall between 
1000-1200 mm per annum (Kerruish et al 1992). Rainfall is spread evenly 
throughout the year, although actual monthly falls can vary greatly 
(Lindforth 1968). Weather records from the Cann River Forest District 
show that rainfall over the two year period post-treatment was above 
average with exceptionally high summer wet periods. 
Height was chosen as a reliable indicator of site quality (Husch et al 1972). 
It was difficult to assign a site index to the Cann River trial as it was only 
age 11 at the time of the first increment measurement. There were also 
no regrowth stands in close proximity aged 20 years or greater due to the 
i:afs area affected by the 1983 wildfires. As a result the site index was 
indirectly derived using West's (1993} formula. The extrapolated height 
at age 20 was 25.19 m. This estimate was similar to work by Incoll (1974) 
who found the height of E sieberi stands east of the Cann River township 
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in the vicinity of l\{uellers Road to have a site index w!th a range of 21.3 
to 27.4 m, with an average of 26.9 m. Incoll's {1974) definition of site 
index is slmilar to that used presently in Victoria; the mean 
predominant height of the 50 largest diameter trees ha-1 at age 20. 
4.3 Stand parameters 
Before the operational trial began in 1992, forty temporary fixed area plots 
with a 3 m radius (0.0028 hectare) were established to idero:ify variability 
in dbhob and height of different dominance classes (Figur.e 6 and Table 4 
respectively). The objective was to select sites with relatively uniform 
stand parameters (Kerruish et al 1992). 
The level of residual logs on the forest floor was estimated using a line 
transect technique described by Wagner {1968). The sampling intensity 
was one transect per 40 metres (Kerruish et al 1992). Table 5 shows the 
variation in residual logs. 
Total height was defined as the height of the 50 tallest dominant trees per 
hectare (dominant is defined in Section 4.8.1 ). Height estimates were 
made using a hand-held clinometer and a 50 metre tape. 
Number of trees/ha 
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Figure 6. 
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DBHOB (cm) 
Diameter distribution of Cann River site as determined from 
forty temporary 3 m plots in 1992 from Kerruish et al (1992) 
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Table 4. Stand height by dominanc; class of the Cann River site from 40 
temporary 3 m radius plots in 1992, from Kerruish et al (1992) 
Dominance Class Mean Height (m) Standard deviation 
Dominant 14.4 1.74 
Co-dominant 11.5 1.12 
Intermediate 8.4 2.05 
Suppressed 6.5 2.21 
Table 5. Stand density and residual logs of the Cann River site from 40 
temporary 3.m radius plots in 1992, from Kerruish et al (1992) 
Mean Minimum Maximum 5I.Q 
Trees ha-1 15900 6000 27000 3500 
Residual logs 354 0 820 270 
tonnes (ha-1) 
4.4 Technology description 
Three spacing technologies were used in the trial; a wheeled-based 
Hydro-Ax® slasher which removes stems in a corridor manner (Hydro-
Ax treatment), a hand held pressurised "gas-axe" which injects 
individual stems. with glyphosate (stem injection treatment) and a hand-
operated clearing saw similar in principle to a whipper snipper with a 
blade (clearing saw treatment), (Figures 7-9 respectively). The three 
technologies used in the trial were selected on the basis of results from 
the YEP and recent work overseas and in Western Australia (Kerruish 
pers. comm.). The three technologies are described in detail below. 
Figure 7. Non-selective outrow after passage of the Hydro-Ax slasher 
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Figure 8. Trees treated with the gas-axe in the stem injection treatment 
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Figure 9. Clearing saw used for selective spacing 
4.4.1 Corridor spacing mechanised technology 
The Hydro-Ax® 411 slasher was selected to establish an outrow as it was 
capable of making 2.6 to 3.0 m strips through densely stocked regrowth. 
It was capable of removing sterns up to 20 crn in diameter leaving a clear 
swath with minimum impact on the adjacent remaining trees (Kerruish 
et al 1992). The slasher machine had a 97 kW hydrostatic motor driven 
by a Sundstrand hydraulic pump. The motor turned a rotor bar and two 
free-swinging 18 kg blades at approximately 950 rpm, resulting in a tip 
speed of 380 kph (Kerruish et al 1992). The machine was seen as robust 
and was equipped with a circular wear strip that supports the rotor from 
excessive distortion when it comes in contact with a solid obstacle such 
as a log (Kerruish et al 1992). This was seen as a critical feature due to the 
large amount of debris on the ground. Similar machines are used in 
Canada to non-selectively or corridor-space large tracts of even-aged 
regrowth (Ryan 1988). 
4.4.2 Ste.m injection of herbicide to selectively space 
Results from the YEP project showed that direct injection of the herbicide 
glyphosate (Roundup®) in young trees was an effective spacing 
technique for E. regnans and E. obliqua forests (Fagg and Roberts 1986, 
Roberts and McCormack 1991). The gas-axe used in the Cann River trial 
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was developed by Ag-Murf Engineering Pty Ltd"' and was capable of 
delivering 40 g of active ingredient per m2 of basal area (Kerruish et al 
1992). To achieve this rate one cc of 340 g/l glyphosate was injected via a 
single notch into each tree with a dbhob of 10 mm or less (Kerruish et al 
1992). Larger dbhob trees were given two injections (Kerruish et al 1992). 
There has been some concern amongst forest managers and resear~hers 
that a stem injection may result in the death of retained trees through 
root grafting. A study by Fagg and Roberts (1987) showed that high levels 
(60-80 gms m2 basal area) of glyphosate resulted in the death of a 
proportion of the crop trees due to 'flash-back' (the transfer of chemical 
from one tree to another via the roots). However the glyphosate dosage 
(40 gms m2 basal area) used in this trial produced a reliable kill with no 
'flash-back'. 
The stem injection technique has the advantage of low cost and minimal 
environmental impact on the stand. Retaining the dead trees also has an 
advantage for potential wind damage and may also have benefits from a 
wildlife perspective (Kerruish pers. comm.). Current machines are 
relatively simple to use and portable, allowing for selective spacing of 
individual trees. The thin bark on young stands also lends itself to easy 
penetration by the axe head. 
4.4.3 Clearing saw to selectively space 
A Husqvarna ® 250 RX clearing saw was chosen for the second selective 
spacing technology. The machine had an engine capacity of 48.7 cc and 
was capable of a maximum power output of 2.4 kW with a corresponding 
maximum speed of 12 500 rpm. The machine was fitted with a 225 mm 
diameter blade and weighed 8.8 kgs. 
The clearing saw was able to cut trees close to the ground and was found 
to be safer and more productive than a conventional chainsaw in dense 
regrowth (Kerruish et al '1992 and Incoll 1978). The operator was also 
able to work in a comfortable upright posture with the weight of the saw 
supported by a harness designed to provide load equalisation on the 
shoulders. 
Clearing saw feasibility and productivity studies in Tasmania with E. 
regnans in the YEP indicated that it was an effective tool for spacing 
• Ag-Murf Engineering Pty Ltd PO Box 211 Bomaderry NSW 2541) 
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stands with densities up to 15 000 trees ha-1 with an average dbhob of 3 
cm (Kerruish and Rawlins 1991). However, Incoll {1978) and Roffey 
(1991) found the productivity of the clearing saw in four-year-old 
E. regnans in Powelltown, Victoria to be low, mainly due to the dense 
wiregrass and logs which restricted access. It was included in the Cann 
River trial to specifically examine the efficiency when combined with a 
non-selective outrow. It was also used to test for coppice growth from 
clean cut stumps versus the Hydro-Ax 'battered' stumps. Furthermore it 
was thought that efficiency may improve if both operators where 
meticulously trained and working patterns within a stand Vv"ere carefully 
organised (Kerruish pers. comm.). 
4.5 Treatment Description 
Three treatments using the technologies described above were selected 
with the general intent of reducing basal area between 50 and 60 percent. 
This level had been reported as an appropriate basal area reduction in 
gaining a growth response in previous studies of temperate eucalypts 
(Webb 1966, Anonymous 1986 and Goodwin 1990). This basal area 
reduction was intended to produce a stocking of approximately 1800 
stems ha-1 (Kerruish et al 1992). This stocking excludes suppressed trees 
which were not removed in the stem injection and Hydro-Ax treatments 
as described below. 
Competition from the suppressed trees was considered to be negligible. It 
was hypothesised that E. sieberi would respond similarly to other 
temperate eucalypts as Curtin (1968), Webb (1966) and Anonymous (1986) 
found that dominant and co-dominant growth rates do not increase 
following the removal of smaller competing trees. Instead the response 
is largely dependent upon the removal of a po~tion of dominant, co-
dominant and intermediate trees. Furthermore, this experiment was an 
operational trial that was designed to evaluate the performance of the 
different technologies, two of which resulted in retention of suppressed 
stems. The three treatments are described below. 
4.5.1 Non-selective corridor spacing (Hydro-Ax treatment) 
The Hydro-Ax w'~s used to cut 2.4-3.0 m wide strips at six metre centres 
through the regrowth. The machine worked at 90 degrees to Muellers 
Road and established relatively parallel outrows. This resulted in 
untreated bays which had a width of approximately three metres and had 
so 
the same diameter distribution as the untreated stand. The intention 
was to remove approximately half of the basal area in this treatment. 
Stocking was also expected to be reduced by 50 percent, with a high 
proportion of suppressed trees remaining. 
4.5.2 Corridor treatment with selective spacing using a stem injection of 
herbicide (Stem injection treatment) 
The Hydro-Ax established outrows of 2.4-3.0 m wide, leaving 
approximately six metre wide bays of untreated regrowth. A proportion 
of intermediate and co-dominant trees within the bays were treated with 
glyphosate using a gas axe. Trees less than three cm in dbhob (suppressed 
trees) and understorey shrubs were not treated. Trees for future thinning 
and the final crop were selected prior to the treatments by marking with 
a yellow tape. Stocking post-treatment was assumed to be 1800 tree ha-1. 
4.5.3 Corridor treatment with selective spacing using a clearing saw 
(Clearing saw treatment) 
Outrows were established in this treatment in the same manner as 
described for the stem injection treatment. Selected trees within these 
bays were removed with a clearing saw to leave an even distribution of 
dominant, co-dominant and intermediate trees with the intent of having 
a stocking of approximately 1800 trees ha-1. It was considered necessary 
with the clearing saw treatment to minimise the potential for coppice 
regrowth by cutting the trees as close to the ground as possible. Due to 
the density of the stocking and the wiregrass understorey, this resulted in 
removal of all suppressed trees and a large proportion of the understorey 
vegetation. 
The literature suggests that removal of a portion of trees in the upper 
dominance classes was necessary in order to promote significant growth 
rates in retained trees. This reduction was partially achieved through the 
non-selective mechanised spacing component in each treatment. The 
outrows created with the Hydro-Ax were also required due to the thick 
nature of the regrowth and wiregrass. Without it access to the stand 
beyond the road edge would have been extremely difficult and time 
consuming. The outrow also allowed four-wheel drive access to the 
bays, which helped with refuelling and maintenance en the clearing saw 
and stem injection equipment. Figure 10 is a graphic representation of 
the different treatments. 
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Corridor treatment 
2.4 • 3.0m 3.0 m 
Clearing saw treatment 
Bay thinned by 
clearing saw Corridor 
2.4 • 3.0 m 5.0 m 
2.4 • 3.0 m 5.0 m 
• Retained trees 
@ Retained trees 
• Retained trl'.es 
Trees treated 
with stem 
injection method 
Figure 10. Diagrammatic representation of Hydro-Ax, stem injection 
and clearing saw treatments, from Kerruish et al (1992) 
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4.6 Experimental design 
The experimental design of the Cann River trial has a major deficiency. 
Due to operational limitations, each treatment was confined to one 
general area within the overall experimental area. Initial trials found 
that a minimum area was necessary to efficiently operate the different 
machinery. The area of each treatment also needed to be of sufficient 
size to establish permanent growth plots without interference from 
adjacent treatments (buffer zone). Economic considerations also limited 
the time period that spacing equipment and crew could be used in the 
trial. These constraints resulted in the overall experiment being pseudo-
replica ted, in that there is no measure of site variability between 
treatments, except for the control which had two replications 
(Appendix 1). 
The lack of true replication of the three treatments has made both 
analysis and interpretation of results difficult. All inferences made in 
relation to performance between treatments in the results and discussion 
are based on the fact that the experimental design does not provide an 
estimate of the 'location' or site error and therefore are not scientifically 
secure. Site variability has been partially addressed post-treatment with 
the use of variable probability sampling and height measurements in 
1994 which have been reported in Sections 5.2 and 7.1 respectively. 
4.7 Plot design and establishment 
Five 10x20 m (0.02 hectare) permanent plots were systematically located 
post-treatment within each treatment area along Muellers Road 
(Appendix 1). In addition, five control plots of the same size were placed 
in two locations in unspaced forest in the experimental site (Appendix 1). 
Corners and boundaries of the plots had to be relocated in 1994 using a 
compass. Once the plots were re-established corners were marked with 
steel droppers. The plots were positioned so that the 20 m side was 
perpendicular to the Hydro-Ax created outrows. This produced plots that 
had a fairly consistent ratio of outrow and bay area for each treatment. 
All retained trees in the clearing saw treatment 0.02 hectare plots were 
individually numbered with steel tags and measured for dbhob and bark 
thickness as well as classified by dominance class (defined in Table 6) and 
species in 1992 and 1994. 
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The stem injection, Hydro-Ax and control plots had large numbers of 
suppressed trt=ies post-treatment. Due to time limitations only a portion 
of the trees within the plot could be measured (Kerruish et al 1992). 
Seven 'sub-plots' of 1.3 m radius were systematically located within the 
0.02 hectare plots. All trees in these sub-plots were individually tagged 
and measured for the same parameters as the clearing saw treatment. 
Additional larger co-dominant and dominant trees in the 0.02 hectare 
plots (trees not in the small sub-plots) were also tagged and measured for 
the same parameters. These 'extra' larger trees were included as the 
scientists responsible for the experiment establishment found that the 
sub-plots did not include sufficient larger trees to monitor a growth 
response (Roberts pers. comm). The unbalanced data complicates the 
analysis. 
Across the three treatments and controls over 1500 trees were labelled 
and measured in 1992 and 1994. These trees were used to measure the 
growth response between treatments. 
4.8 Measurement and classification of stand parameters 
4.8.1 Dbhob and dominance class 
In July 1994 all previously tagged trees in the plots and sub-plots were 
measured for dbhob and classified by dominance class according to the 
definitions listed in Table 6. In addition, all untagged trees in the 0.02 
hectare plots in the stem injection, hydro-Ax treatment and control were 
measured for diameter. Measuring all trees in the 0.02 hectare plots 
provided a consistent sample size to estimate stocking and basal area per 
hectare in 1994. Dbhob was measured using a steel girth tape. Breast 
height was measured at 1.3 musing a calibrated stick. 
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Table 6. Definition of dominance class for Cann River early spacing 
trial (Roberts pers. comm.) 
Dominance Class 
dominant 
co-dominant 
intermediate 
suppressed 
Description 
crown vigorous, well developed and clear of all 
surrounding trees 
crown vigorous, but height below dominants, may 
be a number of adjacent trees of similar height and 
crown structure 
crowns smaller and substantially lower than 
co-dominants, crowns generally healthy but not 
vigorous 
crowns are small and sparse, normally below the 
height of intermediate trees 
Trees that had died since 1992 were not measured for dbhob but were 
recorded as dead. A few additional suppressed trees in the sub-plots that 
had not been tagged previously were tagged and measured in 1994. 
These trees were not new growth since 1992, they had simply been 
missed in the first measurement. When basal area growth over the two 
year period was calculated these trees could not be included as there was 
no measurement in 1992. Because all of these "newly tagged" trees were 
below 1.3 cm in dbhob their contribution to the overall basal area would 
have been negligible. 
4.8.2 Height and bark thickness 
A smaller number of trees (approxirrw.tely 200) fro1n the 1500 trees were 
also measured for total and green height and bark thickness in 1992 and 
1994. Total height was defined as the height of the tree from the ground 
to the tip. Green height was defined as the height of the lowest green 
branch (Wood 1988). Height was measured using a Suuntn clinometer 
and a 50 metre tape. For improved precision all height measurements 
were taken by one experienced operator.... . The precision of the 
clinometer was assumed to be 2.5 percent of the measured height. 
The two hundred trees measured for height were selected using two 
methods. First, all dominant trees were routinely measured. These 
measure1nents were used to obtain a site index. Secondly, trees from the 
.... Athol Sumner- Forest Officer with over 25 years experience in Forest Assessment for 
the Department of Conservation and Natural Resources, Melbourne. 
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other three dominance classes were systematically chosen from the plot 
sheets. Measurement of these trees was taken to quantify the height 
gro\vth of the different dominance classes over time. 
Bark thickness estimates were taken at a height of 1.3 m at random 
points with the assumption that the trees had a regular circular shape. 
The position of the first measurement was randomly selected, the second 
measurement was 180 degrees from the first. A calibrated screwdriver 
was used to measure bark thickness. All measurements were taken by 
one operator** who had been using the "screw driver device" to estimate 
bark thickness for over twenty five years. Schreuder et al {1993) accepted 
implements such as a screw driver if a Swedish bark gauge is unavailable 
and commented that the precision of such instruments can be high with 
practice. 
4.8.3 Percent of plot as an outrow 
The percentage of each 0.02 hectare plot that was removed with the 
Hydro-Ax corridor was calculated to assess the operational practicality of 
removing 50 to 60 percent of the basal area through an outrow. 
Furthermore the percent of each plot that was treated as an outrow could 
be used to explain any potential difference in stocking and basal area 
estimate in the treatments. The percent of each plot that was treated 
with the Hydro-Ax slasher was calculated by measuring the length and 
taking the respective bearings for each side of the individual traverses 
making up an outrow within the 0.02 hectare plots. These lengths and 
bearings were ~ntered into a program in a Husky Hunter to deterrrLine 
area and a closing erro:i. associated with each traverse. These estimates 
are included in Appendix 2. 
One Hydro-Ax plot was excluded from the analysis as it was positioned 
such that the majority of the 0.02 hectare plot was an outrow. It was 
suspected that remaining trees in the bays would respond better to 
spacing than the other plots due to the availability of additional site 
resources for comparatively less trees. 
Data was recorded in field note books then later entered onto an Excel® 
spreadsheet. Initial data was vetted and analysed using the JMP 
computer statistical package developed by SAS Institute Inc. Trees with 
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abnormal growth were remeasured in early August 1994 before inclusion 
on the final data base. 
4.9 Evaluation of the stand parameters 
The first section of the analysis involved establishing the stocking rate, 
diameter distribution and basal area, as well as green and total height of 
the different treatments post-spacing in 1992. This allowed for 
assessment of basal area and stocking (excluding suppressed trees) in each 
treatment and to establish a 'base line' to compare potential growth 
response between treatments in the second section of the analysis. 
4.9.1 Mean stocking and frequency calculations 
It was important to determine if a stocking of 1800 stems ha-1 (excluding 
suppressed trees) had been achieved in the different treatments. It was 
also necessary to determine diameter frequency distribution as the 
absolute growth either in basal area or diameter can be influenced by the 
number (or ratio) of larger and smaller diameter trees, as a result of the 
different spacing treatments. 
The unbalanced sampling intensity (clearing saw had the entire plot, 0.02 
hectare, and all other treatments had seven sub-plots which totalled 
0.0037 hectare) made obtaining a direct estimate of stocking in 1992 for 
the different treatments difficult. To improve the accuracy and precision 
of stocking and diameter distribution estimates, all trees in the 0.02 
hectare plots werf: measured for dbhob in 1994 as described in Section 
4.8.1. Multiplying by a factor of 50 presents the stocking on a hectare 
basis. Stocking in 1992 was then extrapolated by adding pro rata mortality 
figures from the sub-plots to the 1994 stocking estimates. The accuracy is 
likely to 'suffer' using this method as the mortality estimates were 
derived from a sample area of 0.0037 hectare in the control, stem 
injection and Hydro-Ax treatments compared to 0.02 hectare in the 
clearing saw treatment. However, this methodology was used as 
preliminary results showed that stocking estimates were more accurate if 
all trees in the 0.02 hectare plots were measured in 1994, even if mortality 
had to be based on the subplots. 
4.9.2 Basal area measurement 
Although managers are principally concerned with merchantable 
volume obtained as a result of spacing, at age eleven it is difficult to 
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estin1ate volume, largely because no measurements of taper were taken. 
There appear to be no volume functions for young(< 10 years) E. sieberi 
in the published literature. In addition the different spacing treatments 
may have created new growth conditions which could markedly alter the 
distribution of increment accumulation. Trees within the stand had a 
tremendous range in height and diameter and associated taper. It would 
be expected that actively growing trees at age eleven would have a 
conical shape, whereas trees that were suppressed would likely be a 
second degree paraboloid (Husch et al 1972; Wood 1993). Severely 
stunted trees of the smallest diameter class may even have a shape closer 
to a third degree paraboloid (Brack pers. comm.). Therefore applying one 
taper function to the stand. or ignoring taper could introduce bias and 
result in inaccurate estimates of volume. 
It is also not critical to have a volume figure for the stand as it will be at 
least ten years before there will be any commercial harvesting. An 
alternative measure of growth response is basal area. The ready 
availability and accuracy of basal area has led to its wide use as a measure 
of stand density (Spurr 1952; Husch et al 1972). 
In 1992 basal area was calculated on the same forty temporary plots 
mentioned in Section 4.3. Kerruish et al (1992) evaluated basal area and 
found it ranged fro1n 7 to 28 m2 ha-1 with an average of 20.5 m2 ha-1 and 
a standard deviation of 4.5. When basal area of control plots was 
calculated from the diameter measurements in 1994, it ranged from 29.4 
to 40.2 m2 ha-1 with a mean of 33.9 and a standard deviation of 5.3. 
Although the trees would have accumulated basal area since 1992, the 
increase would unlikely have been in excess of 10 m2 ha-1 in two years. 
The high basal area figures for the control plots also agreed with basal 
area estimates made by another CSIRO researcher, who was using the 
same controls in a fertilisation trial (Connell pers comm.). A check by 
recalculating the original data from the forty temporary plots showed the 
basal area was 7 to 48 m2 ha-1 with a mean of 20.1 and a standard 
deviation of 7.9. 
To confirm mean basal area of the site in 1992 and whether or not the 
controls were in areas with a higher basal area it was desirable to obtain 
another estimate of basal area of the treated area in 1992. It was also 
necessary to evaluate the effectiveness of the operational techniques used 
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to decrease basal area by approximately 50 percent as this was not 
measured post-treatment in 1992. 
It was not possible to use the same forty temporary plots that Kerruish et 
al (1992) had used to estimate basal area. The plots had not been marked 
in the field and a portion of the area had been silviculturally treated 
during the trial. However, large untreated blocks within the overall 
experimental area and wide strips on all four sides of the trial provided 
ample space to obtain another estimate of the basal area in 1994. From 
these measurements basal area in 1992 could be extrapolated. 
4.9.3 Estimating site basal area using variable probability sampling 
Variable probability sampling was selected in preference to fixed plot 
sampling because a theoretically unbiased estimate of mean basal area 
should sample in proportion to the stem basal area, not stem frequency 
Wood 1993). Bounded plot sampling does not achieve this whereas 
variable probability sampling does (Whyte and Tennent 1975). 
The standard formula below was used to calculate the number of plots 
required to provide an accurate estimation of basal area. 
where: 
N=(Ct/e)2 
N= estimated sample size 
C= coefficient of variation of the pilot sample in percent 
t= Studerat's T-test, at a 95% confidence level (approx. value of 2) 
e= the error limits specified in percent (set at 5%) 
After gathering data from five 'pilot' variable probability samples in the 
areas adjacent to the treated area to calculate C, it was determined that 
approximately eighty sampling points were required to establish an 
accurate mean basal area for the site. However due to the relative size of 
the area (less than ten hectares) and time constraints involved with 
sampling in wiregrass this was halved to forty and deemed an adequate 
compromise (Brack pers. comm.). 
Six areas suitable for the variable probability sampling were subjectively 
chosen because they had no interference from machinery and visually 
appeared similar in terms of stocking and density to the control plots and 
untreated bays in the Hydro-Ax treatments. The areas sampled had the 
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same aspect and similar slope (less than five degrees) as the treated area 
and there were no apparent differences in top height or understorey 
composition. The six sample areas were taken in all directions (north, 
south, east and west) from the actual treated area. 
The position of the first point in each of the six areas was objectively 
determined by walking 30 metres from the nearest track then throwing a 
paint can with the operator's eyes closed. Where the paint can landed 
was the centre of the first plot. Each subsequent plot centre was 
determined by walking 30 metres (measured with a tape) in a straight 
line. Despite the difficulty in walking due to the wiregrass each plot's 
location was rigorously adhered to. To maintain a straight line a 
compass bearing was followed. 
A Spiegel Relaskop using a basal area factor (BAF) of 2.25 was selected to 
estimate the basal area as this allowed for 7-12 trees to be included in each 
sweep. All borderline trees were measured for dbhob and actual distance 
from the operator's eye to the outside of the centre of the tree as specified 
in Wood (1982). No correction for slope was necessary. Results from the 
variable probability sampling are presented in Section 5.2. 
4.9.4 Estimating basal area from fixed plots 
An estimate of the basal area of the replicated control plots in 1992 was 
extrapolated to substantiate how the control plots may differ from the 
variable probability sampling. As previously discussed obtaining a direct 
estimate of the basal area from the plots in 1992 was difficult due to the 
low sampling intensity related to the sub-plots. However, basal area 
could be estimated for the control from dbhob measurements taken in 
1994 as all trees in the 0.02 hectare plots were measured. Estimates of 
1992 basal area could then be calculated by subtracting the increase in 
growth from 1992 to 1994 as measured by the restricted maximum 
likelihood analysis for mixed models of unbalanced data as described in 
Section 6.1. Results from the basal area estimates using the fixed area 
plots and variable probability sampling are included in Section 5.2. 
4.10 Growth response analysis 
The second section of the analysis involved growth response between 
the different treatments. The formulation of appropriate models to 
measure growth involved trialing different response variables. Dbhob 
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and basal area were selected to measure relative and absolute growth. 
The analysis also included the relative change in total and green height 
from 1992 to 1994. 
The development of appropria~e models involved testing explanatory 
variables and their interactions and eliminating non-significant effects. 
Two suitable models were developed to explain the growth response 
since 1992. The first model included treatment and dominance class, 
while the second model incorporated treatment and initial dbhob. The 
many iterations of the model formulation proc ss were undertaken in 
conjunction with Ross Cunningham and Christine Donnelly of the 
Statistical Consulting Unit of the Graduate School (SCUGS) at the ANU. 
The Genstat statistical program developed by the Rothamsted 
Experimental Station, UK has been used for computations. 
Parameters, such as the percent of each plot treated non-selectively and 
height could not be included as explanatory variables because the data 
were not consistent enough to construct a reliable growth model 
(Cunningham pers. comm). For example some treatments had plots 
\.Vhere 75 percent of the area had been treated as an outrow, whereas 
other treatments did not. Similarly height measurements did not cover 
a wide enough range to be significant in the model. However, the 
changes in total and green height were analysed separately. 
Eucalyptus sieberi dominated the stand with few dominant and co-
dominant (larger dbhob) stringybark trees. This resulted in some 
treatments having no larger dbhob stringybark trees, making comparison 
between treatments and dominance class (or initial dbhob) difficult. As a 
result the models were fitted for E. sieberi only. Pooling the species was 
not considered appropriate due to the lack of replication across the site 
(Cunningham pers. comm.). An analysis based on E. sieberi sufficiently 
accounts for stand growth, as 84 percent of the experimental site 
consisted of E. sieberi with the remaining being a mixture of mostly 
suppressed E. globoidea, E. baxteri, E. obliqua and E. consideniana. 
4.10.1 Analysis of growth response by treatment and dominance class 
Treatments were compared by analysing variation in individual tree 
basal area growth. The experiment allowed for an estimation of the 
random effects of individual trees, plots within treatments as well as the 
61 
fixed effects of treatments and dominance class. The experimental design 
did not allow for quantifying the random effect of location. 
Due to the inherent nature of the experiment, growth was summarised 
at the treatment level and within dominance class (note the data was 
unbalanced as discussed in Section 4.8.3). There was a need to adopt a 
statistical approach that could estimate both the random and the fixed 
effects, as well as analyse the unbalanced data. An appropriate statistical 
model for such an experiment is classified as a Mixed Model for 
unbalanced data (Cunningham pers. comm.). Using this method of 
analysis one can estimate the random effects of plot and sub-plot 
variability and fixed efft?cts such as treatment and dominance class. After 
consultation with SCUGS it was decided that the most efficient estimates 
of growth could be determined using Restricted Maximum Likelihood 
(REML) which uses weights based on components of variance from each 
level of the fixed effects (Cunningham 1994). 
Contrary to REML, ordinary maximum likelihood may yield biased 
estimates when simultaneously estimating both fixed and random effects 
(Cunningham 1994). Another advantage is that REML has a higher 
probability of converging on a global maximum rather than a local 
maximum (Maddala 1988). A local maximum is obtained when 
convergence is achieved on a maximum other than that which provides 
the best estimate of the parameter. Conversely, a global maximum is the 
situation where convergence is achieved on a maximum that provides 
the best estimates of the parameter (Maddala 1988). 
Consideration was given to using methods which aggregated data to 
treatment and using ordinary least squares, however this method does 
not utilise information about the relationships at lower levels. It was 
determined that ignoring the nested structure of the data and employing 
regression methods or an analysis of variance with unbalanced fixed 
effects could result in serious errors of inference (Cunningham pers. 
comm). This situation could occur as variation at the treatment level 
may have been much greater than at lower levels, such as dominance 
class. 
The response variable selected to measure relative growth using the 
REML analysis was the log of the ratio between 1994 basal area and 1992 
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basal area. Logarithms were taken of the response variables to give 
homoscedasticity of the error terms. Furthermore, growth during the 
young exponential phase in most even-aged eucalypt forests is often 
proportional, with larger diameter trees growing faster relative to 
smaller diameter trees. The tendency for larger dbhob trees to grow at a 
faster rate than smaller dbhob trees has been well established in other 
species (Spurr 1952; Jacobs 1962; Barrett 1963; Webb 1966). Relative 
growth measured as the logarithm of the ratio of basal area is an 
appropriate expression of this biological relationship. 
The residuals were plotted against the fitted values to verify that there 
was no relationship between the variance and mean. There were eleven 
outlier trees (from approximately 1500 trees} which were omitted. 
Normality of the residuals were examined by constructing a normal 
probability plot. There was no evidence to suggest that the data was not 
normally distributed. 
The eleven omitted trees were all suppressed. Their growth was checked 
and found to be non-representative with either exceptionally high or low 
basal area growth as a percent of original basal area. These trees occurred 
across all treatments (except for the clearing saw treatment which had no 
suppressed trees). It is possible that the 1992 dbhob measurements were 
incorrectly measured or recorded. The 1994 ctbhob measurements on the 
eleven trees were verified in August 1994 to check that the previous 1994 
measurements were accurate. 
Results from this model are expressed in graphical form with associated 
confidence intervals and are reported in Section 6.1. All inferences made 
in relation to the treatment and dominance class effects on basal area 
growth were made by examining response patterns. 
For operational interpretations, logarithmic values were transformed 
back to a percent change in relative basal area and dbhob between 1992 
and 1994. Absolute mean basal area increases were also calculated by 
multiplying the mean 1992 basal area for each dominance class and 
treatment by the relative grow·th percent. These estimates w,:~re then 
multiplied by the appropriate factors to give an absolute increase in basal 
area per hectare. Absolute mean basal area calculations are included as a 
spreadsheet in Appendix 3. 
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The major growth response has been determined from basal area of the 
different dominance classes. However, an analysis based on dominance 
class (Section 4.10.1) is dependent on a tree's position relative to other 
trees in the stand. It was found that different dominance class diameters 
overlapped such that a tree of 15.2 cm dbhob could be classified as a 
dominant, co-dominant or intermediate (Table 8 in Section 5.1). An 
alternative measure of growth is the relative change in diameter, this 
allowed for a comparison of treatments using a constant dbhob. 
4.10.2 Analysis of growth response by treatment and initial diameter 
From an operational perspective, the growth of the final sawlog crop is 
often the most important consideration. Horne and Robinson (1990) 
presented this as the largest 50 - 100 dbhob trees ha-1. H the largest 100 
trees are presumed to be the final crop this would equate to the two 
largest dbhob trees per 0.02 hectare plot. Analysis of the growth of these 
two trees was discouraged as it did not utilise the full set of data 
(Cunningham pers. comm.). A more robust measure of growth was 
estimated by constructing a growth function using the growth from all 
trees based on initial dbhob. Once a plausible model was formulated it 
was used to predict the diameter growth rates for different diameter trees 
(Figure 23 Section 6.3). 
The model was developed using a REML Mixed Model analysis, using 
the same rr,r.;-thodology as the model formulated for treatment and 
dominance class in Section 4.10.1. 
4.10.3 Analysis of height growth response 
The relative growth in total and green height between 1992 and 1994 was 
analysed to test for any difference between treatments and the control. A 
REML mixed model for unbalanced data was also used for the total and 
green height analysis. As for the basal area and dbhob analyses, 
logarithms were taken of the response variable ratio: the log of 1994 
height/1992 height for both total and green height. 
The first analysis included trees from all dominance classes which had 
been measured for height in 1992 and 1994. This included 154 trees for 
all treatments and dominance classes. The second analysis had the same 
response variables but excluded suppressed trees as their height was 
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considered to be of little importance in terms of future merchantability. 
This resulted in the final analysis of relative change in total and green 
height based on a total of 108 trees for all dominance classes and 
treatments. Results from the height analysis are reported in Section 7.2. 
4.11 Coppice measurement 
Both the clearing saw and Hydro-Ax spacing techniques produced 
coppice. Quantifying coppice may assist in accounting for any potential 
difference in growth responses. Measuring coppice two years post-
treatment may also provide a measure of coppice for future comparisons. 
To quantify coppice growth, all coppice stems above 1.3 metres in height 
were measured for dbhob and height in July 1994. Height of coppice was 
measured using a height stick. 
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5.0 Results of spacing treatments 
5.1 Stocking, mortality and diameter distribution 
Estimated mean total stocking for each treatment post-spacing is recorded 
in Table 7. Results show that stocking in 1992 varied considerably 
between treatments. 
Mortality as a percent of 1992 stocking is presented in Table 7. At first the 
mortality over two years appeared to be high. However, using Figure 3 
(Section 3.4) to extrapolate trends in natural self-thinning, it was found 
that for stockings close to 20 000 at age nine, mortality was well within 
the range found in the Cann River control plots. Florence (pers. comm.) 
commented that there would be concern if mortality rates in the control 
were much less than 25 percent in two years at such high stockings. The 
relative mortality rates of 10.6, 3.4, and 0 percent for the Hydro-Ax, stem 
injection and clearing saw treatments correspond to the relative basal 
area reductions for the three treatments of 32, 67 and 70 percent 
respectively (Table 10 Section 5.2). Mortality did not occur in the clearing 
saw treatment due to the absence of suppressed trees. 
Table 7. Initial stocking post-treatment and mortality since 1992 
Tr~i!tment 
Control Stem Injection Clearing saw Hydro-Ax 
Est. stems ha·l 19 250 14050 1340 14700 
post-trt 1992 
(all trees) 
Est. stems ha· 1 7340 1240 1340 3670 
post-trt 1992 
(trees <4 cm 
excluded) 
Mortality since 4953 485 0 1548 
1992 stems ha-1 
Mortality as % 25.7 3.4 0.0 10.6 
of 1992 stocking 
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Figure 11. Control stocking and dbhob distribution ha·l in 1994 
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Figure 12. Stem injection treatment stocking and dbhob distribution 
ha·l in 1994 
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Figure 13. Clearing saw treatment stocking and dbhob distribution ha-1 
in 1994 
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Figure 14. Hydro-Ax treatment stocking and dbhob distribution ha-1 in 
1994 
The diameter distribution for the three treatments and control in 1994 
are shown in Figures 11-14. The control plots exhibit an approximate 
mound shape distribution with a high degree of skewness to the left. 
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The clearing saw treatment resulted in the typical mound-shape 
distribution with a slight bias to the right. The stem injection and 
Hydro-Ax treatments both produced a reverse 'J' distribution. 
Figures 11-14 show that even after spacing, the stem injection and Hydro-
Ax treatments had a high proportion of suppressed stems in the 0-2 cm 
range compared to the control. The Hydro-Ax treatment had a similar 
distribution of larger stems to the clearing saw treatment. The stem 
injection treatment consistently had fewer trees in the larger diameter 
classes above 8 cm (except for 14.1-16 cm) and it had no trees above 20 cm, 
unlike the clearing saw and Hydro-Ax treatments. 
When trees with dbhob of 4 cm and below are excluded the stocking is 
7340, 1240, 1340, and 3670 stems ha-1 for the control, stem injection, 
clearing saw and Hydro-Ax treatments respectively (Table 7). Nearly all 
trees with a diameter less than 4 cm were suppressed trees (Table 8). 
Table 8 also shows that dbhob increases with dominance class, however 
there is a large overlap in dbhob between dominance classes. 
Table 8. Mean diameter (cm) at breast height by dominance class in 1994 
Dominant Co-dominant Intermediate Suppressed 
Db hob 
mean 16.4 11.90 8.9 2.9 
std 2.7 2.3 2.0 1.6 
min 12.1 7.4 4.2 0.5 
max 24.2 18.9 15.2 11.4 
Appendix 4 shows box plots of dbhob in 1992 for treatment and 
dominance class. The dbhob pattern for dominance classes in each 
treatment is fairly consistent with the exception that the stem injection 
dominant and suppressed trees have a smaller interquartile range with a 
corresponding lower quartile compared to the other treatments. The 
clearing saw co-dominant trees also have a higher median and larger 
interquartile range compared to co-dominant trees in the other 
treatments. Table 9 shows mean dbhob for the same plots in 1992 and 
provides further evidence that dominant and suppressed trees in the 
stem injection treatment have smaller diameters and that the mean of 
the clearing saw dominant trees is larger than other treatments. 
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Table 9. Mean diameter (cm) by dominance class in 1992 
Dominance class Control 
Dominant 12.4 
Co-dominant 8.6 
Intermediate 6.8 
Suppressed 3.2 
5.2 Site basal area estimates 
Variable probability sampling 
Tr~atm~nt 
Stem Clearing saw 
injection 
11.2 13.6 
9.0 11.1 
6.7 7.5 
2.0 n/a 
Hydro-Ax 
13.9 
8.9 
6.9 
2.0 
Results from the variable probability sampling of the areas adjacent to 
the treated areas indicate that the mean basal area in July 1994 was 33.2 
m2 ha-1, with a range of 13.5 to 47.25 m2 ha-1 and a standard deviation of 
8.7 (Appendix 5). These results indicate basal area in 1992 was 
considerably higher than 20.5 m2 ha-1 in 1992 as recorded by Kerruish et 
al (1992). 
Fixed area plots 
Mean basal area estimates for 1992 were also calculated by averaging the 
growth from the replicated control plots. Estimates were obtained as 
described in Section 4.9.4. Mean basal area for the control plots were 
estimated to be 38.1 and 33.3 m2 ha-1 in 1994 and 1992, respectively (Table 
10). 
Table 11 shows a comparison of basal area estimates in 1992 and 1994 
from fixed area plots and variable probability sampling. Variable 
probability sampling and fixed area plots have similar estimates of 33.3 
and 33. 2 m2 ha-1, except the former is for 1992 and the latter is for 1994. 
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Table 10. ~ean basal area m2 ha·1 in 1994 and estimated mean basal area 
1n 1992 from 0.02 hectare fixed area plots. 
Treatment 
plot Control Stem Clearing Hydro-
injection saw Ax 
1 33.1 15.2 20.1 n/a 
2 34.9 13.1 11.6 25.4 
3 34.1 16.0 14.0 19.0 
4 43.5 11.6 15.0 29.9 
5 45.0 10.0 11.8 27.2 
Mean B.A. (m2) 1994 38.1 13.2 14.5 25.4 
Standard deviation (5.7) (2.5) (3.5) (4.6) 
Increase in B.A. 1992 to 4.8 3.4 5.6 4.9 
1994 from REML analysis 
Estimated 1992 B. A. 33.3 9.8 8.9 20.5 
Estimated percent B. A. o.o 67.4 70.3 31.8 
reduction in 1992* 
*assumes all treatments had a mean basal area of 30 m2 ha-1 in 1992 
Table 11. Comparison of stand basal area m2 ha·l estimates 
Forty 3 m radius 
temp. plots in 
1992 
Estimate Source 
Five control 
plots in 1992 
using REML 
VPS of adjacent 
areas in l2li 
Mean basal area 
Minimum 
Maximum 
STD 
20.1 
7 
48 
7.9 
33.3 
29.4 
40.2 
5.3 
* Note that the figures in column three are for 1994 while the 
estimates in the first two columns are for 1992. 
33.2 
13.5 
47.25 
8.7 
The results in Table 10 show that the estimated basal area reductions 
were not consistent between treatments based on the assumption that all 
treatments had a mean basal area of 30 m2 ha-1 in 1992. The original 
objective of removing approximately 50-60 percent of the basal area in 
each treatment was not achieved (Table 10). 
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5.3 Summary of stocking and basal area 
The three treatments essentially resulted in two different basal area and 
stocking comparisons. Results from the stocking and basal area estimates 
show that the stem injection and clearing saw tl."eatments resulted in 
approximately the same stocking (excluding suppressed trees) and basal 
area post-treatment. This allows for a comparison of relative growth 
between these treatments. However, the Hydro-Ax treatment had over 
three times the stocking (excluding suppressed trees) and twice the basal 
area of the stem injection and clearing saw treatments. It is therefore 
more appropriate to compare relative growth of the Hydro-Ax treatment 
with the control and not the other treatments. 
5.4 Plot area treated with corridor outrow 
The initial objective of the stem injection and clearing saw treatments 
was to remove 40 percent of the basal area through treating 40 percent of 
the ground area as an outrow. S:i.milarly the aim of the Hydro-Ax 
treatment was to remove 60 percent of the basal area with the 
establishment of an outrow (Kerruish et al 1992). Table 12 summarises 
the percent of each 0.02 hectare plot that was treated as an outrow with 
the Hydro-Ax slasher. The mean area treated with the corridor spacing 
was below the original objective for all treatments, however some 
individual plots had more than the intended area removed. This 
resulted in relatively high standard deviati~ns ;Table 12). The stem 
injection and clearing saw treatments had 2~9 percent of the 0.02 
hectare plots removed respectively. The increased area of non-selective 
spacing in the stem injection treatment has resulted in fewer large 
diameter trees compared to the clearing saw treatn1ent. 
Table 12. Percent of 0.02 hectare plot treated as outrows 
Plot number 
1 
2 
3 
4 
5 
Mean 
STD 
Control 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
Treatment 
Stem Clearing Saw Hydro-Ax 
Injection 
36.1 48.5 
34.7 21.4 63.7 
30.1 18.5 49.1 
48.7 24.1 35.1 
45.2 18.8 50.2 
38.9 26.3 49.S 
7.7 12.6 11.7 
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5.5 Coppice results 
The prolific coppice within the clearing saw treatment is shown in 
Figure 15. Coppice growth is larger in both bas~l area and height for the 
clearing saw treatment compared to the stern injection and Hydro-Ax 
treatments. Table 13 reports coppice growth two years post-treatment. 
Table 13. Coppice basal area and height growth two years post-treatment 
B.A. over-storey m2 ha-1 
B.A. coppice m2 ha-1"' 
B.A. of coppice as percent of 
overstorey 
rvtean Coppice stems ha-lit 
Mean Coppice dbhob (cm)* 
Control 
38.1 
0 
0 
0 
0 
Treatment 
Stem Injection Clearing Saw Hydro-Ax 
13.2 14.9 25.4 
0.03 1.3 0.04 
0.2% 8.4% 0.1% 
650 14700 1000 
0.5 0.9 0.5 
Mean Coppice Height (m)"' 0 1.9 2.6 2.1 
*All mean coppice measurements only include stems=/> 1.3 min height. 
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Figure 15. Coppice growth in the clearing saw treatment in 1994 (two 
years post-treatment) 
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6.0 Growth response results 
All inferences in regard to basal area increment and diameter growth 
must be interpreted with the knowledge that the trial is pseudo-
replicated and that the Hydro-Ax treatment has twice the basal area and 
nearly three times the stocking of the other two treatments, as discussed 
in Section 5.2. 
The responses to spacing in terms of basal area were measured as relative 
growth or as absolute growth per hectare since 1992. Relative growth 
measures growth of individual trees in relation to their initial size. 
Absolute growth measures individual tree growth and includes the 
number of trees for a given area. Absolute growth is of interest as it 
quantifies yield on a hectare basis. Presentation of results in both relative 
and absolute growth terms is important when evaluating the 
performance of the different treatments. This is particularly important 
where the initial stocking and tree size distribution in the stand is 
variable. 
6.1 Mean basal area increment response by dominance class and 
treatment 
The first selected model to explain the growth of individual trees since 
1992 is expressed as: 
Estimated log ( basal area 94/ basal area 92) is a function of: 
constant+ 
treatment effect + 
dominance class effect + 
treatment . dominance class interaction + 
error due to location+ 
error due to plot and subplot + 
error associated with individual tree 
Figure 16 shows the effects of treatment and dominance class on relative 
growth as measured by the log of the ratio of individual tree basal area in 
1994 to the basal area in 1992. Tables with means, standard errors and 
confidence intervals and percent change associated with Figures 16, 17 
and 18 are included in Appendix 6. The treatment effect is significant 
(p<0.001) and there are also significant differences between dominance 
classes (p<0.001, Table 14). The Chi square statistics also show that there 
is a significant interaction between treatment and dominance class 
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(p<0.001). The basal area growth response pattern and the significant 
differences between the treatments and control are apparent in Figure 16. 
Figures 17 and 18 are presented only to show the change in percentage 
(antilog) and absolute terms (m2 ha-1) in basal area from 1992 to 1994. 
Table 14. Statistical results of effects on basal area growth as estimated by 
log (basal area 94/basal area 92) for all dominance classes 
Fixed Effect Wald Statistic Degrees of p value 
(Chi sq.) freedom 
Treatment 
Dominance class 
Treatment dominance 
class interaction 
181 
877 
37.2 
0.7.....------....--f--~---r------, 
0 
Control Stem Clearing saw Hydro-Ax 
injection 
Treatment 
3 <.0001 
3 
2 
<0.0001 
<0.001 
Legend 
• Dominant 
!ml Co-dominant 
IZ! Intermediate 
D Suppressed 
Bars represent 95% 
confidence interval 
Figure 16. . Treatment and dominance class effect on relative basal area 
growth based on individual trees measured by log (basal area 
94/basal area 92) 
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Figure 18. Absolute change in basal area ha-1 from 1992 to 1994 by 
treatment and dominance class 
The pattern of response is consistent for the co-dominant and 
intermediate trees for all treatments, with the co-dominants having a 
larger growth response in basal area than the intermediates (Figure 16). 
The comparative response for dominant trees is less consistent within 
treatments, with growth being less than, equal to or greater than other 
dominance classes for the different treatments. Treatment effects are 
described below. 
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Controls 
Left untreated the dominant, co-dominant and intermediate trees had no 
significant difference in growth (Figure 16). Dominant and co-dominant 
trees grew approximately 51 percent in basal area between 1992 and 1994 
while the increase in basal area in intermediate trees and suppressed 
trees was 42.4 and 16.3 percent from 1992 to 1994 respectively (Figure 17). 
Treatments 
Figure 16 shows that the stem injection treated trees had the greatest 
mean individual tree growth for both dominant and co-dominant trees, 
followed by trees in the clearing saw treatment. In both treatments the 
growth of dominant and co-dominant trees was significantly greater than 
the control. Dominant trees in the Hydro-Ax treatment grew less than 
dominant trees in the other two treatments, resulting in growth not 
being significantly greater (p<0.05) than the control. These results are 
likely a reflection of the higher stocking and basal area in the Hydro-Ax 
treatment. The co-dominants in the Hydro-Ax and clearing saw 
treatments were similar in relative growth and grew significantly greater 
(p<0.05) than the co-dominant trees in the control. Co-dominant trees in 
the stem injection treatment grew significantly greater than co-
dominants in both the clearing saw and Hydro-Ax treatments. 
The pattern of response in Figure 16 shows that although intermediate 
trees in all treatments and the control grew less than the dominant and 
co-dominant trees, the difference was not significant at p<0.05. However 
growth of intermediate trees in all treatments was significantly greater 
than the control. 
Figure 16 shows that suppressed trees grew significantly less than all 
other dominance classes for all treatments. The stem injection 
suppressed trees are growing at a significantly greater rate than the 
controls, whereas suppressed trees in the Hydro-Ax treatment are not. 
Suppressed trees account for 11 percent of the total increment over the 
two year period in the control and less in the stem injection and Hydro-
Ax treatments (Table 15). In the stem injection treatment where the 
suppressed trees are growing significantly (p<0.05) better than the 
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controls, they accumulated less than 0.26 m2 (7.4 percent of the total basal 
area increment) between 1992 and 1994 (Table 15). 
Table 15. Mean basal area (B.A.) increment from 1992 to 1994 for 
treatments and percent accumulated on suppressed trees 
Treatment Change in B.A. Change in B.A. Percent of total 
Control 
Stem injection 
Clearing saw 
Hydro-Ax 
on all trees on suppressed B.A. accumulated 
1992-94 trees 1992-94 on suppressed 
(m2 ha-1) (m2 ha-1) trees 1992-94 
4.8 
3.5 
5.6 
4.9 
0.55 
0.26 
0 
0.49 
11 
7.4 
0 
10 
The stand without spacing was shown to increase in basal area by 
approximately 4.8 m2 in two years (Figure 18 and Appendix 6). The 
results from Figure 18 suggest that the clearing saw and Hydro-Ax 
treatments have a slight increase in total production as a result of spacing 
compared to the control. The stem injection treatment has less absolute 
production than the control Figure 18. However, no significant test can 
be assigned to Figure 18 due to the lack of replication and the possibility 
of variation of stocking across the site. 
6.2 Mean basal area increment response by dominance class and 
treatment with suppressed trees omitted 
The relatively small growth of suppressed trees was a major reason for 
the significant interaction between treatment and dominance class 
(Figure 16). To test for further interactions between dominance class, 
suppressed trees were excluded from a second REML analysis. The 
analysis showed that the dominant, co-dominant and intermediate trees 
are contributing most of the growth. Suppressed trees can be omitted 
without having serious operational implications as under the current 
silvicultural regime in the EGFMA they have little or no potential to 
become merchantable. 
Without suppressed trees in the data set there was no significant 
dominance class by treatment interaction. However, both dominance 
class and treatment alone have significant effects on growth as shown by 
the Wald statistics in Table 16. 
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Table 16. Statistical results for effects "n basal area growth as estimated 
by log (basal area 94/basal area 92) with suppressed trees 
excluded 
Fixed Effect 
Treatment 
Dominance class 
Wald Statistic 
(Chi sq.) 
71.5 
37.2 
Degrees of 
freedom 
3 
2 
p value 
<0.0001 
<0.0001 
Figure 19 depicts the difference in growth when treatments are compared 
for all trees (excluding suppressed trees) averaging over dominance class. 
The results show that mean trees in all treatments are growing 
significantly better( <.0001) than the controls and can be expressed as: 
stem injection > clearing saw > Hydro-Ax > control. 
There is no significant difference between the stem injection and clearing 
saw treatments, nor the clearing saw and Hydro-Ax treatments. 
However, trees in the stem injection treatment are growing significantly 
(p<0.05} faster than the trees in the Hydro-Ax treatment. Figure 20 
illustrates the percent change in basal area when suppressed trees are 
excluded from the analysis. 
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:Figure 19. Mean basal area growth for all dominant classes (excluding 
suppressed trees) 
When the absolute gro\-vth in basal area growth for dominant, co-
dominant and intermediate trees is combined, the net production 
(excluding suppressed trees) is greatest in the clearing saw treatment, 
followed by the Hydro-Ax, control and stem injection treatment in 
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descending order (Figure 21). This shows that the stem injection 
t~eatment was the only treatment that was not capable of fully utilising 
site resources two years after spacing. 
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Figure 21. Absolute change in basal area ha·l from 1992 to 1994 by 
treatment 
The comparison of mean growth between dominant classes when the 
effect of treatment is ignored does not address the objective of the study: 
to determine what effect different .c:pacing treatments ltave on growth. 
However, examining the different dominance classes' response provides 
insight into the competition between dominance classes within the 
stand. Averaging over treatment, co-dominants have greater growth 
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than dominants and dominants in turn have greater growth than 
intermediates (Figure 22). Inspection of Figure 22 shows that the co-
dominants are growing significantly (p<0.05) better than intermediates, 
however there is no significant difference between co-dominant and 
dominant trees. 
Dominance class 
Legend 
llJ Dominant 
~ Co-dominant 
OJ lntennediate 
Bars represent 95% 
confidence interval 
Figure 22. Mean relative growth for dominance classes across all 
treatments as measured by log (basal area 94/basal area 92) 
6.3 Predicting mean diameter increment response for treatment by 
initial dbhob 
The third growth response model explores the relationship between 
relative growth and initial diameter. The model can be expressed as: 
Estimated log (dbhob 94/dbhob 92) is a function of: 
constant+ 
treatment effect + 
log(dbhob 92) effect+ 
treatment . log(dbhob 92) interaction + 
error due to location + 
error due to plot and subplot + 
error associated with individual tree 
Treatment and Iog(dbhob 92) were found to be significant (p<0.0001) 
explanatory variables as was the interaction between dbhob and 
treatment (p<0.0001) (Table 17). 
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Table 17. Significant tests for fixed effects on mean growth as measured 
by the log (dbhob 94/dbhob 92) 
Fixed term Wald Sta tis tic 
Treatment 
log(dbhob 92) 
Treatment* 
log( dbhob 92) 
(Chi sq.) 
90.3 
414.1 
29.4 
Degrees of 
freedom 
3 
1 
3 
p value 
<0.0001 
<0.0001 
<0.0001 
The dbhob model was used to predict the growth of different diameter 
trees and can be expressed as: 
y = 0.2176 + ki + 0.1043 [- k2 *(log dbhob 92)] 
Where: 
Control 
k1 -0.109 
(-0.021) 
i\., -0.045 
... 
(0.0097) 
Stem 
injection 
-0.029 
(-0.022) 
0 
(n/a) 
Y= log(dbhob 94/dbhob 92) 
Clearing 
saw 
0 
(n/a) 
-0.075 
(-0.022) 
* standard errors are in brackets () 
Hydro-Ax 
-0.085 
(-0.022) 
0.0015 
(0.01) 
Figure 23 shows the percent growth over two years for trees of different 
initial dbhob using the predictive model above. The function shows that 
the relative growth is dependent on initial dbhob, with larger initial 
dbhob resulting in larger relative growth. The relative positions of the 
curves generally concur with the results based on basal area in Section 
6.1, with the stem injection treatment having the greatest and the control 
the lowest growth, and the Hydro-Ax and clearing saw treatments 
between these figures. 
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Figure 23. Relative growth percent in dbhob from 1992 to 1994 by initial 
diameter class and treatment 
It is also worth examining the shape of the relative growth curves in 
Figure 23. For a unit change in diameter in 1992, the increase in relative 
growth between 1992 and 1994 is greater for the stem injection and 
Hydro-Ax treatments than for the control and clearing saw treatment. 
Trees in the stem injection treatment are growing at a faster rate 
(approximately 15 percent on smaller trees to over 30 percent on larger 
trees) compared to the same sized trees in the clearing saw treatment and 
control. As initial dbhob increases for trees in the clearing saw treatment 
the growth rate slows down resulting in a near constant increase in 
diameter growth with increasing diameter for trees greater than 12 cm. 
A note of caution needs to be applied when interpreting results from 
Figure 23. There are no confidence intervals associated with this 
predictive model. The effects shown in Figure 23 are relatively small 
and the differences may not be supported if an estimate of location error 
was available from an appropriately designed experiment. 
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7.0 Height growth response 
7.1 Total and green height post-treatment 
From a comparison of boxplots in Appendix 7, initial total height 
patterns for the treatments are similar to those for dbhob. The boxplots 
depict a lower quartile value, but also a narrower interquartile range in 
total height for the dominant trees in the stem injection treatment 
compared to the other treatments and the control. Results show that 
mean total and green height in 1992 and predominant height for 
dominant trees in 1994 were less in the stem injection treatment than 
the other treatments and control (Tables 18 and 19, respectively). 
Total height for co-dominant trees in the control and stem injection 
treatment have a lower mean compared to the clearing saw and Hydro-
Ax treatments, but not as pronounced as the dominant trees in the stem 
injection treatment (Table 19). 
Table 18. Mean total and green height (m) in 1992 
Ireatment 
Dominance Control Stem Clearing saw Hydro-Ax 
class injection 
Height Height Height Height 
Iota I Green Iota I Green Iota I Green Iotal Green 
Dominant 14.1 8.4 11.8 7.1 14.0 7.3 14.4 9.4 
Co-dominant 11.4 7.7 11.4 6.7 12.8 7.4 12.6 8.0 
Intermediate 11.3 7.4 10.5 7.3 11.2 7.3 10.9 7.7 
Suppressed 8.5 7.2 5.8 5.4 n/a n/a 7.5 6.4 
Table 19. Predominant height of the largest 50 dbhob trees ha-1 in 1994 
Treatment Mean height Standard Coefficient of 
Control 
Stem injection 
Clearing saw 
1-Iydro-Ax 
(m) deviation variation 
16.5 
14.4 
16.8 
16.9 
1.3 
0.34 
2.4 
0.7 
7.8 
2.3 
14.2 
3.9 
Compared to total height, green height in 1992 showed greater variance 
with no consistent pattern between the different dominance classes and 
treatments (Appendix 7). However as for total height, green height in all 
dominance classes (except for the intermediate trees) in the stem 
injection treatments ~vas less, as shown in Table 18 and Appendix 7. 
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7.2 Change in total and green height from 1992 to 1994 
Treatment was not significant (p<0.05) in explaining any difference 
between relative changes in total and green height for the three 
treatments and control when all dominance classes were considered 
{Table 20). 
Dominance class was a significant (p<0.05) fixed effect for total height, but 
not green height when suppressed trees were included. This suggests 
that larger (dominant, co-dominant and intermediate) trees are growing 
at a faster rate in height than suppressed trees. However there is little 
interest in the dominance class effect as there was no interaction with 
treatment. 
When suppressed trees were excluded there ceased to be any significant 
difference in total and green height growth between dominance classes 
over the two year period {Table 21). 
Table 20. Effect of treatment and dominance class on total and green 
height growth measured as log (height 94/height 92) for all 
trees 
Wald Statistic (Chi sq.) 
Fixed effect Change in Total Change in Green 
height height 
Degrees of 
freedom 
Treatment 1.4 2.8 3 
Dominance class 22.5* 4.6 3 
Treatment domin. 8.1 10 8 
class interaction 
"'Significant at p<0.001, all other fixed effects not significant at p<0.05 
Table 21. Effect of treatment and dominance class on the change in total 
and green height as measured as the log (height 94/height 92) 
Wald Stat. (Chi sq.) 
Fixed effect Change in Total Change in Green Degrees of 
height height freedom 
Treatment 
Dominance class 
Treatment domin. 
class interaction 
2.6 
5.6 
1.9 
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5.7 
3.5 
4.2 
3 
2 
6 
8.0 Discussion 
8.1 Stocking and basal area reductions 
The initial p ·owth response in 1994 was dependent on stocking and basal 
area. Basal area estimates by variable probability sampling of areas 
adjacent to the trial showed that natural stocking was highly variable 
(Table 11, Section 5.2). It was difficult to achieve a uniform stocking and 
basal area post-treatment in 1992 due to heterogeneity within the stand. 
A lack of uniformity in the spatial distribution in eucalypt regrowth has 
also been reported by Roberts and McCormack (1991), Kerruish et al 
{1993), Hamilton (1984) and Ellis (pers. comm). 
Imposing the three operational treatments in the stand essentially 
resulted in two different stockings (excluding suppressed trees): one for 
the clearing saw and stem injection treatrnents of approximately 1250 
stems and 10 m2 ha-1 and a second for the Hydro-Ax treatment of 3670 
stems and 20 m2 ha-1 {Tables 7 and 10 in Sections 5.1 and 5.2, 
respectively). No treatment resulted in 1800 stems ha-1 or a reduction in 
basal area cf 50-60 percent of initial basal area as originally intended. 
These differences in stocking and basal area were taken into 
consideration when comparing differences in growth between 
treatments. 
When the analysis of stocking results included suppressed trees the stem 
injection and Hydro-Ax treatment had 5600 and 2400 more trees in the 0-
2 cm diameter class than the control, respectively (Figures 11, 12 and 14 
Section 5.1). This bias towards sn1aller stems {Table 9 Section 5.1) 
suggests that these treatments may have had a higher germination and 
early establishment rate or alternatively they may be located on poorer 
sites than the control. 
8.2 Non-selective spacing 
It was not possible to quantify what effect the variation in stocking had 
on the growth response because of the lack of replication at the treatment 
level. However, the growth response can partially be attributed to the 
amount of area removed non-selectively with the Hydro-Ax slasher and 
the subsequent area available for selective spacing {Table 12, Section 5.4). 
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The proportion of area non-selectively and selectively spaced influenced 
the overall stocking and basal area reductions which in turn influenced 
the relativ£: and absolute growth of remaining trees (Figures 16, 17, 18, 
Section 6.1). 
The lack of consistency between parallel outrows was attributed to the 
large amounts of residual wood on the ground and standing trees. 
Mapping ground debris in 1994 showed this was particularly the case in 
plot 4 of the Hydro-Ax treatment, plot 3 of the stem injection treatment 
as well as plots 3 and 5 of the clearing saw treatment. This corresponds to 
the lower percent of the plot treated as an outrow as reported in Table 12 
(Section 5.1.3). 
The 50 percent treated by non-selectiv1~ spacing in the Hydro-Ax 
treatment should theoretically have reduced the basal area by 
approximately the same percent (from 30 to 15 m2 ha-1). However, the 
results in Table 10 (Section 5.2) indica~e tha.t the basal area was only 
reduced to 20.5 m2 ha-1 or.;32 percent:b1"'t~~ original basal area. The 
discrepancy is likely to be associated with the high variability across the 
small plots. There may also have been a bias to position outrows where 
there were fewer large trees. However, this could not be directly 
supported with results obtained. To decrease the basal area to a level 
equivalent to the stem injection and clearing saw treatments 
(approximately 10 m2) the percentage of the area treated with the 
Hydro-Ax would have to be increased to greater than 50 percent. But 
further non-selective treatment using the Hydro-Ax slasher would have 
potentially left a large portion of the retained basal area in the forrn of 
smaller trees with too few crop trees. 
8.3 Basal area post-treatment in 1992 
Establishing the basal area in 1992 post-treatment was fundamental to 
interpreting growth responses. Basal area in 1992 was probably much 
higher than 20.1 m2 ha-1 as originally reported (Section 4.9.2). Using 
variable probability sampling, basal area was estimated to be 33.2 m2 ha-1 
in 1994 (Table 11 Section 5.2). The 1994 basal area estimate derived using 
the REML analysis from the fixed area control plots of 38.1 m2 ha-1 
provided further evidence that the basal area was much higher than 20.1 
m2 ha-1 in 1992. The discrepancy between the fixed control plot and the 
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variable probability sampling estimates could be partially attributed to 
the small size of the sampling unit in the fixed area plots (Ellis pers. 
comm) or to the variation in stocking over the study area. 
After considering the two methods of estimating basal area in 1992 it was 
agreed by CSIRO scientists who established the trial and the author that 
the basal area was approximately 30 m2 ha-1 in 1992 (Roberts pers. 
comm.). This figure takes into consideration the estimates from the 
fixed plots and the variable probability sampling as well as increment 
since 1992. Once the basal area was established at approximately 30 m2 
ha-1, it provided a 'benchmark' to compare treatments. It also indicated 
that the controls with a basal area of 33 m2 ha-1 (Table 11, Section 5.2) 
were not located in an area with a higher basal area as previously 
considered in Section 4.9.2. 
8.4 Basal area and dbhob growth response 
Unlike plantations or stands where stocking has partially been 
controlled through seeding rates, stocking after wildfire such as the Cann 
River trial is heavily skewed towards small suppressed trees. Schonau 
and Coetzee (1989); Incoll (1974); Webb (1966); Opie et al (1984) and 
Goodwin (1990) showed that spacing such stands results in additional 
increment being accumulated on retained trees which will increase total 
merchantable volume. Initial results from two years growth in the Cann 
River trial support these findings as all treatments had significantly 
larger relative growth than the control. There was also a significant 
difference between the growth rate of co-dominant trees in the stem 
injection treatment compared to the other treatments. 
The most significant relative growth in the trial occurred in the co-
dominants in the stem injection treatment which had a 90.7 percent 
increase in relative basal area growth between 1992-1994. This 
exceptional growth was partly attributed to the fact that there were fewer 
dominant and co-dominant trees in the stem injection treatment per 
hectare compared to the clearing saw and Hydro-Ax treatments (Figures 
12, 13 14, Section 5.1). Similarly the lower relative basal area (and dbhob) 
growth rates in the clearing saw treatment can be partially attributed to 
the greater number of larger trees competing for site resources compared 
to the stem injection tr1~atment. Relative growth rates were shown to be 
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dependent on the initial dbhob of the tree, (Section 6.3) with larger dbhob 
trees having more increment compared to smaller trees. This lead to the 
stem injection treatment having up to 30 percent greater diameter 
growth in larger trees when compared to the clearing saw treatment. 
The relative lack of larger dbhob trees in the stem injection treatment 
could be related to the fact that: 
1. it had 50 percent more area non-selectively removed as an 
outrow than the clearing saw treatment, 
2. too many larger trees were selectively poisoned, 
3. the treatment was located on a poorer quality site or 
4. other treatments retained more larger trees. 
These possibilities are discussed below. 
1. Non-selective spacing in this trial removed trees indiscriminately. 
Results in Figure 13, Table 12, Sections 5.1 and 5.4 respectively, show that 
as the area of non-selective spacing increased, such as in the clearing saw 
treatment, the opportunity to retain larger trees with a more 
homogenous distribution also increased. 
2. The number of larger diameter trees selectively poisoned with the gas-
axe was not recorded. However inspection of dead trees in the stem 
injection treated bays showed that there were few larger trees that had 
died as a result of the herbicide. No dead trees above 12 cm dbhob could 
be found. This suggests that the non-selective spacing component did 
not remove too many larger dbhob trees. 
3. There is a strong correlation established between site index and height 
(Husch et al 1972; Opie et al 1984). Results showed that predominant 
height in the stem injection treatment was two metres less than the 
other treatments and control (Table 19, Section 7.1). This provides 
evidence that this treatment was on a poorer quality site. In addition as 
noted in Section 8.1, the stem injection treatment had a greater number 
of smaller stems, thus indicating again that this treatment was located on 
a poorer site compared to the other treatments and control. 
4. The fourth point, relating to other treatments retaining larger trees is 
supported by the frequency histograms in Section 5.1. The reason for the 
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greater numbers of larger trees in the clearing saw treatment can partially 
be related to the difficulty operators had cutting larger trees (Kerruish 
pers. comm). As tree sized increased there was a bias to leave the tree. 
The greater number of larger trees in the Hydro-Ax treatment was largely 
related to its higher stocking and basal area. 
8.5 Coppice and basal area growth 
The higher relative growth in the stem injection treatment could also 
have been influenced by conditions that decrease the growth rates of 
trees in the other treatments. The lower relative growth in diameter in 
the clearing saw treatment may be associated with heavy coppice growth. 
Coppice in the clearing saw treatment was 8.4 percent of the overstorey 
in the clearing saw treatment compared to 0.1 and 0.2 percent in the stem 
injection and Hydro-Ax treatments, respectively (Table 13, Section 5.5). 
The higher coppice growth in the clearing sa\.v treatment appears to be a 
reflection on the clearing saw technique. From observations the clearing 
saw stumps (within the bays) coppiced more consistently and with 
higher growth than stumps cut with the Hydro-Ax slasher. This is 
presumably due to stumps being either partly or completely ripped out of 
the ground by the slasher, whereas stumps from the clearing saw were 
smooth and had no apparent root damage. 
The lack of coppice may also be responsible for the relatively higher 
diameter growth rates for trees in the Hydro-Ax treatment compared to 
trees in the clearing saw treatment (Figure 23 Section 6.3). Even though 
the Hydro-Ax treatment has substantially higher basal area and stocking 
compared to the clearing saw treatment it was capable of producing 
higher relative dbhob growth for all diameter classes compared to the 
clearing saw treatment (Figure 23, Section 6.3). 
Coppice growth obviously uses resources that could potentially be 
utilised by retained trees. It was not possible to quantify the effects from 
coppice, as coppice was not controlled in any of the treatments. However 
Hoare (1993); Connell and Raison (pers. comm.) found coppice to be a 
significant competitor for site resources if uncontrolled in the same 
forest type at sin1ilar age. 
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8.6 Absolute growth 
The absolute basal area growth in the clearing saw and Hydro-Ax 
treatments shows that spacing has resulted in no net loss in productivity 
compared to the control after two years. There was an immediate 
(within 2 years) redirection of site resources into retained trees in these 
treatments. This supports results obtained from other studies in 
temperate eucalypts by Webb (1966), lncoll (1974), West and Ostler (1994), 
Opie et al (1984) and current E. sieberi research in the EGFMA (Connell 
and Raison pers. comm.). This immediate response is likely to be a 
result of the increased availability of water and nutrients and not as a 
result of expanded crowns (West and Osler 1994; Brix 1983). 
The objective of this study was not to address a range of spacing 
intensities. However, the result of the uneven removal of basal area has 
in fact provided an opportunity to compare how the removal of different 
amounts of basal area affect absolute growth. 
Figure 21 (Section 6.2) shows that when 32 percent of the basal area is 
removed and stocking is in excess of 3600 trees ha-1 in the Hydro-Ax 
treatment there has been no net loss in increment. These results are not 
surprising as there are many studies in published and unpublished 
literature (Webb and Incoll 1969; Goodwin 1990; West 1985; West and 
Borough 1983; Connell and Raison pers. comm; Hamilton pers. comm.) 
that have shown that at least 50 percent of the basal area can be reduced 
without sacrificing gross basal area growth. The literature shows that 
this reduction can be applied over a range of ages (4 to 30 years) and is 
dependent on initial stocking, species and site quality. 
Net basal area increment is largest with the clearing saw treatment. This 
indicates that there is no net loss in increment and that all site 
productivity is capable of accumulating on the retained trees when 70 
percent of the initial basal area is removed. This is similar to results 
obtained by West and Osler (1994) who removed 74 and 81 percent of the 
basal area in E. regnans at a similar age (8 and 12 years) and found no net 
loss in productivity after four years. The ability of trees in the clearing 
saw treatment to fully utilise site resources is largely a consequence of 
having more larger trees compared to the other treatments. The clearing 
saw treatment had 50 percent less area non-selectively spaced compared 
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to the stem injection treatment (Table 12, Section 5.4). This allowed for a 
more selective spacing with a regularly spaced distribution of larger trees. 
In addition, although both the clearing saw and stem injection 
treatments had similar basal area, the clearing saw treatment removed 
suppressed trees. This naturally resulted in more basal area in the form 
of larger trees. 
The extremely high absolute response of the intermediate trees in the 
clearing saw treatment in (Figure 18) is influenced more by the number 
of larger dbhob trees than relative growth (see Figures 11, 12, 13 and 14 
for frequency comparisons, Section 5.1) 
The absolute growth in the stem injection treatment was less than the 
control (Figure 18, Section 6.1). This indicates that a 67 percent loss in 
basal area resulted in a net loss of production after two years. This can be 
attributed to two conditions. First, as stated above, the stem injection 
treatment had more non-selective spacing resulting in more larger trees 
being removed (Table 12, Section 5.4). Secondly, basal area in the clearing 
saw treatment was only in the form of intermediate, co-dominant and 
dominant trees which had high relative growth rates. The stem 
injection treatment in contrast had a proportion of its basal area in the 
form of suppressed trees (Figure 12, Section 5.1). Suppressed trees had 
much lower relative growth rates (Figure 16, Section 6.1). 
Long-term maximum profitability of the different treatments is not 
necessarily synonymous with absolute growth rates two years post-
treatment. The duration of any response has been directly linked to the 
amount of basal area removed. Too srnall a reduction can result in a 
stand quickly entering back into the stage where inter-tree competition 
results in trees being suppressed, a high mortality and no significant 
growth response (Opie et al 1984; Webb 1966; Florence in press; Horne 
and Robinson 1990). 
The results from the different treatments indicates that the ability of a 
spaced stand to fully utilise site resources is dependent on the 
composition of the basal area remaining (proportion of different dbhob 
classes) and not simply total basal area figures. In this trial the 
composition of basal area was largely determined by the proportion of 
area selectively and non-selectively spaced. 
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Although the stem injection treatment is forfeiting basal area increment 
in the short-term it may have the potential to maintain a growth 
response until the first commercial thinning. In comparison, the 
clearing saw and Hydro-Ax treatments may suffer from increased 
mortality or lower growth rates within a short period due to the 
retention of too many larger trees. Monitoring of the treatments over 
time will determine if greater number of larger trees (clearing saw and 
Hydro-Ax treatments) or the relative growth rate of fewer larger trees 
(stem injection treatment) will maximise net merchantable volume. 
8.7 Dominance class response 
All dominant, co-dominant and intermediate trees had a significant 
(p<0.05) response to spacing. This indicates that although the stand has 
segregated into dominance classes, at age nine, these classes are still 
actively competing to exclude suppressed trees. It may also suggest that 
prior to thinning dominant trees may not have had a clear competitive 
hold on site resources. Unlike Goodwin's (1990) results with E. obliqua, 
which found a smaller increase in the basal area in dominant trees 
compared to co-dominant and intermediate trees, results from this trial 
showed no significant difference in relative growth rates between 
dominance class (Figure 16, Section 6.1). Goodwin's results were with a 
16 year old stand and it is possible that by this age that dominant trees in 
the Cann River trial would have a competitive advantage in their 
command on site resources and thus respond less to release than co-
dominant and intermediate trees. 
The fact that intermediate trees in all the treatments lNere growing 
significantly better than those in the controls, but not significantly less 
than the dominant and co-dominant trees could have a large effect on 
pulpwood yields if these relative growth rates (Figure 16, Section 6.1) are 
maintained to the first commercial thinning. It will be critical to 
monitor the growth of intermediate and co-dominant trees as the 
proportion of future biomass accumulated on these trees is likely to be of 
great commercial importance. This is especially true where the cost of 
early spacing needs to be recouped from the first commercial harvest. 
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The lack of significant growth response of suppressed trees to thinning is 
reported in the literature (Webb 1966; Curtin 1968; Opie et al 1984; Jacobs 
1955; Florence in press). Results from suppressed trees in this trial vary 
with treatment. The relative growth of individual suppressed trees in 
the Hydro-Ax treatment was not significant compared to the control. 
However, the large number of suppressed trees in this treatment resulted 
in 10 percent of the basal area growth being accumulated on suppressed 
trees. The fewer suppressed trees in the stem injection treatment only 
produced 7.4 percent of the basal area growth. However because the 
growth was distributed over less trees, individual tree growth was 
significantly greater compared to suppressed trees in the control. 
8.8 Height 
The lack of a significant difference in total and green height between 
treatments and the control is not surprising. Height growth is fairly 
insensitive to stand density with significant change generally associated 
\Vith extremely high or low stocking (Opie et al 1984; Schonau and 
Coetzee 1989; lncoll 1974; Webb 1966i Marks et al 1986). It is unlikely that 
there will be any significant difference in total predominant height 
between the treatments over time as the stocking levels are not 
considered extreme. 
Results in other temperate eucalypts show that as stocking decreases the 
opportunity for lower branches to persist increases. The clearing saw 
treatment would be the most likely treatment to retain branches due to 
its lower stocking, however there is no evidence to support this two 
years after spacing (Table 20, Section 7.2). 
The predominant height measurements suggest that the stem injection 
treatment was located on a lower quality site (Table 19, Section 7.1). 
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8.9 Growth modelling 
The results from early spacing trials can be important in testing and 
potentially improving existing growth models. The non-selective 
outrow in all treatments made this experiment unsuitable for validating 
the STANDSIM growth model. Growth functions in STANDSIM are 
based on a homogeneous stand. The unreplicated design of the 
experiment has made it impossible to account for changes in growth due 
to location. Evidence from the variability in basal area, stocking and 
height suggests that there may be heterogeneity across treatments. 
8.10 Current constraints to spacing 
The old logging debris and dead trees from previous fires were identified 
as having a serious effect on the operational feasibility and economic 
productivity of spacing (Kerruish et al 1992). Ground debris was also 
found to be a major cost and constraint in the YEP (Roberts and 
McCormack 1991). Ground debris and dead standing trees have been 
found to impede access and reduce the consistency of outrows. This 
affects the stocking and basal area composition which in turn has an 
impact on both relative and absolute growth. Hence, growth response 
can be linked to residual wood. 
Large amounts of logging debris is mainly a result of current policies in 
Victoria that restrict pulpwood production in coastal and foothill forests. 
In more recent years there has also been a lack of sufficient markets for 
pulp. There is a need to develop more secure pulpwood markets and 
alter policy that limits pulpwood harvesting if forest managers are to 
maximise the potential production from regrowth forests. Establishing a 
reliable market for commercial thinnings may also be critical to the 
feasibility of an early spacing treatment as recouping the spacing costs is 
likely to be dependent on an earlier commercial thinning. 
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8.11 Future research 
Initial results show that early spacing can produce a significant growth 
response. Monitoring this growth until the first commercial harvest will 
be critical in determining the duration of the current response and the 
profitability of the treatment. The substantial coppice in the clearing saw 
treatment may warrant research aimed at quantifying its long-term effect 
on retained trees. There is also a need to establish a wider network of 
well-designed trials to quantify the costs associated with spacing and the 
long-term growth response and overall profitability. Where production 
is based on sawlog quality, particular attention should be given to 
branching and monitoring of occlusion of branch stubs. There may also 
be a need to incorporate the impact spacing has on aesthetics, flora and 
fauna as well as water quality and quantity. 
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9. Conclusion 
9.1 Operational conclusions 
9.1.1 Hydro-Ax treatment 
The impact of the mechanised non-selective component of the trial 
cannot be under-estimated. This spacing technology was critical from an 
operational perspective as it allowed access into the stand for further 
selective spacing. It also provided an effective means of removing a 
large percent of the basal area. Although the amount of basal area 
removed using the Hydro-Ax slasher was different for each treatment, 
the technique still provided a common denominator for the removal of 
basal area. 
A significant growth response of dominant, co-dominant and 
intermediate trees in the Hydro-Ax treatment indicates that even a 
relatively small reduction (32 percent) in basal area can produce a growth 
response for at least two years. If this growth pattern can be maintained, 
mechanical non-selective spacing may warrant further investigation. 
However the high stocking associated with this treatment is likely to 
result in future increment being distributed over more trees with a wider 
range of diameters than the other treatments. It will be important to 
monitor the growth of intermediate trees to determine if they will 
contribute to the first commercial thinning or be lost due to mortality. 
9.1.2 Stem injection treatment 
The stem injection treatment's relative growth rates are the best in the 
trial after two years. Although this treatment currently is not capable of 
producing the same gross basal area as the control, the growth is 
accumulated on fewer trees. It will be important for existing trees to fully 
utilise site resources well before the time of the first commercial harvest 
to compensate for the current net loss in basal area increment. The 
strong relative growth of the co-dominant trees suggests that this will 
occur. The literature clearly shows that early spacing must be 'heavy' to 
ensure a sufficient long-term growth response. This treatment has 
created conditions that most closely meet this requirement. 
The lack of ~ignificant coppice or epicormic growth suggests that the site 
resources 'freed up' as a result of spacing were utilised by existing trees. 
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The combination of liinited coppice competition, a strong initial growth 
response and low establishment cost favours this treatment as a suitable 
spacing method in the EGFMA. However comparing total performance 
of this treatment with the others in the trial has been difficult as it 
appeared to have a lower site quality. This may confound results. 
9.1.3 Clearing saw treatment 
Trees in the clearing saw treatment have had significant relative growth 
and no net reduction in basal area increment despite an estimated 70 
percent reduction in basal area compared to the control. This may 
provide an opportunity for more trees to reach a merchantable size by 
the first commercial thinning than in any other treatment. However the 
high retention of larger trees may limit the duration of the current 
growth rates. 
The strong coppice after two years is of concern and raises some 
reservations regarding the ability of retained trees to fully capitalise on 
site resources in the long-term. Coppice will have to be monitored over 
time to determine its effect on long-term grC'wth, costs associated with 
future management (increased fire risk) and harvesting. 
The high cost associated with establishment, the possibility of a shorter 
growth response, and substantial coppice competition may reduce the 
suitability of this treatment when compared with the stem injection and 
Hydro-Ax treatments. However, earlier treatment may reduce costs and 
there is potential to use mechanisms (applying a herbicide to the blade) 
that could inhibit coppicing. 
9.2 General conclusions 
Despite the limitations of the experimental design, initial basal area 
growth from the Cann River trial shows that all three treatments have a 
significant growth response. Thus the results support the first 
hypothesis that there would be a significant growth response between 
treatment and control. 
The second hypothesis that the growth between treatments would not be 
different is also generally true. However, the lack of uniformity in 
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stocking, basal area reductions and potential site quality between 
treatments has made direct comparisons difficult. 
Results also support the third hypothesis that the change in total and 
green height would not be significantly different between treatment and 
the control after two years post-spacing. 
There is a need to intensively manage the regrowth resource in East 
Gippsland if current levels of timber production are to be sustained and 
additional areas of State Forest are allocated for preservation. Coastal 
and foothill forests have been identified as having lower conservation 
value compared to the higher elevation forests in the EGFMA. These 
coastal and foothill forests can be more intensively managed than 
present silvicultural practices. 
A review of literature has demonstrated the generality of positive 
growth responses by larger diameter trees to spacing and commercial 
thinning in temperate eucalypt regrowth. 
The initial relative and absolute growth response was associated with the 
constitution of stocking and basal area of the different treatments. The 
basal area composition was largely a result of the proportion of area 
selectively and non-selectively spaced. As the selectively spaced area 
increased, basal area was in the form of larger trees. This was important 
as larger dbhob trees had greater relative growth. Removal of suppressed 
trees and the development of coppice (or lack of it) also affected growth 
rates. 
The economics of all three treatments have to be evaluated over a much 
longer period. The most profitable treatment will depend on 
consideration of net merchantable production, the ratio of sawlog to 
pulpwood, log quality and royalties as well as costs associated with future 
management and harvesting. 
--------------------------------------------
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Appendix 1 (a) 
Location of treatments and plots, Cann River spacing trial 
Cann River 12km 
< =:::---~ 
Mueller's Road 
Legend 
1 Clearing saw training area - 0.3 ha 
2 Clearing saw productivity study area - 1.5 ha 
3 Stem injection productivity study - 0.6 ha 
4 Corridor thinning - 0.3 ha 
Total area treated = 2.7 ha 
N 
lOOm 
Appendix 1 (b) 
Location of treatments and plots, Cann River spacing trial 
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Appendix 2 
Percent of each 0.02 ha olot treated with the Hvdro-Ax slasher lnon-selectlve thlnnlnal 
Treatment Dlot non-selective area Percent of 0.02 Dlot Clos Ina Mean for STD for CV% for 
no. corridor (ha} In each corridor error treatment treatment treatment 
csaw 1 1 0.002707 13.5 0.5156 26.27 12.62 48.06 
csaw 1 2 0.0025714 12.9 0.4559 
csaw 1 3 0.00294178 14.7 0.2482 
csaw 1 4 0.00147551 7.4 0.1453 
Total % for DIC 48.5 
csaw 2 1 0.0018354 9.2 0.7576 
csaw 2 2 0.00245323 12.3 0.199 
Total % for Die 21.4 
csaw 3 1 0.00011-081 0.6 0.2962 
csaw 3 2 0.00358596 17.9 0.5218 
Total % fCJr pie 18.5 
csaw 4 1 0.00204816 10.2 0.1999 
csaw 4 2 0.00277222 13.9 0.2647 
Total % for Dlc 24.1 
csaw 5 1 0.00089723 4.5 0.2707 
csaw 5 2 0.00286686 14.3 0.2048 
Total % for Die 18.8 
slnlectlon 1 1 0.0033751 16.9 0.3068 38.94 7.72 19.81 
slnfectlon 1 2 0.00384115 19.2 0.6939 
Total% for Die 36.1 
slnJectlon 2 1 0.00297622 14.9 0.2064 
slnlectlon 2 2 0.0039656 19.8 0.4622 
Total o/o for DIC 34.7 
slniectlon 3 1 0.00371918 18.6 0.686 
slnlectlon 3 2 0.0022951 11.5 0.5561 
Total % for Dlc 30.1 
slnJectlon 4 1 0.002598113 13.0 0.1522 
sinJection 4 2 0.00375097 18.8 0.3626 
slniectlon 4 3 0.0033819 16.9 0.1694 
Total % for Die 48.7 
slniectlon 5 1 0.00169646 8.5 0.5233 
sinfectlon 5 2 0.00287092 14.4 0.3519 
slnlection 5 3 0.00420354 21.0 0.3309 
siniection 5 4 0.00026632 1.3 0.1185 
Total o/o for DIC 45.2 
Hydro-Ax 2 1 0.00762235 38.1 0.7349 49.51 11.68 23.59 
Hydro-Ax 2 2 0.00286822 14.3 0.2728 
Hydro-Ax 2 3 0.00224284 11.2 0.6337 
Total % for DIC 63.7 
Hydro-Ax 3 1 0.00344519 17.2 0.4079 
Hydro-Ax 3 2 0.00280801 14.0 0.0001 
Hydro-Ax 3 3 0.00285739 14.3 0.4363 
Hydro-Ax 3 4 0.00070194 3.5 0.4835 
Total % for Die 49.1 
Hydro-Ax 4 1 0.00051774 2.6 0.0693 
Hydro-Ax 4 2 0.0033587 16.8 0.0665 
Hydro-Ax 4 3 0.00314145 15.7 0.0999 
Total % for pie 35.1 
Hydro-Ax 5 1 0.00478328 23.9 1.4694 
Hydro-Ax 5 2 0.00301297 15.1 0.616 
Hydro-Ax 5 3 0.00224616 11.2 0.1954 
Total % for Dlc 50.2 
Appendix 3 
I I I 
I I I I I I 
Absolute b .... WN celculatlona bl' treatment 1111d dominance claaa 
Mean and standard arrora are from UN Genatal analvala 
Relatlve arowth Actual no. AV8(aae no. ol Pradk:led B.A. Predk:led B.AJha Predicted B.A. Predlded B.AJha Abaolute 
Dominant Treatment Mean Standard Conlldenc• Aclualmaan % arowth Relative %"actual mean ol tree• trees In each lor aU trees In lor all trees In for all tr- In for all tr- In chanoe m"2 
clau arr or Interval B.A. 92/lree 94 lo 92 larowth % B.A. 92/lree oar 5 alota 0.02 ha alot 0.02 ha alot 94 each dom class !M 0.02 ha plot 92 Nell dom clua 92 92 to M 
dominant control 0.41 0.028 0.058 0.012504 51.1 1.51 (1.019893544 24 4.8 0.090889011 4.53445058 0.0800192 3.00098 1.53 
dominant stem Infection 0.58 0.033 0.087 0.010027 78.4 1.78 0.017888188 17 3.4 0.080819771 3.04098858 0.0340918 1.70459 1.34 
dominant claarlno saw 0.58 0.043 0.087 0.015078 75.1 1.75 0.028401578 9 1.8 0.04752284 2.37614202 0.0271404 1.35702 1.02 
dominant HYdro-Ax 0.48 0.038 0.076 0.018013 81.7 1.82 0.025893021 13 3.25 0.084152318 4.207815913 0.05204225 2.6021125 1.81 
co-dominant control 0.41 0.018 0.038 0.005936 51.3 1.51 0.008981188 57 11.4 0.102385315 5.1192857t 0.0878704 3.38352 1.74 
co-dominant item Infection 0.65 0.032 0.083 0.008586 90.7 1.91 0.012521382 18 3.8 0.045078903 2.25384518 0.0238378 1.18188 1.07 
co-dominant claarlnn saw 0.51 0.027 0.055 0.009878 86.2 1.68 0.018417236 30 8 0.098503418 4.9251708 0.059288 2.9834 1.96 
co-dominant Mvdro-Ax 0.51 0.024 0.048 0.008298 67.1 1.67 0.010520816 28 7 0.073644312 3.6822156 0.044072 2.2036 1.48 
Intermediate control 0.35 0.018 0.032 0.003744 42.4 1.42 0.005331458 61 12.2 0.065043763 3.25218811) 0.0456768 2.28384 0.97 
Intermediate stem lnlactlon 0.51 0.027 0.054 0.003701 66.1 1.68 'l.006147361 32 6.4 0.03934311 1.98715552 0.0236884 1. l8432 0.78 
Intermediate claarlno saw 0.48 0.020 0.040 0.004611 56.7 1.59 0.007317857 98 19.8 o. 143428077 7.17130388 0.0903756 4.51878 2.65 
Intermediate HYdro-Ax 0.44 0.018 0.037 0.003874 54.8 1.55 0.005996952 51 12.75 0.078481138 3.8230569 0.0493935 2.469675 1.35 
'Rlllll>r&aad control 0.15 0.009 0.017 0.000939 16.3 1.18 0.001092057 359 71.8 0.078409893 3.92048463 0.0874202 3.37101 o.ss 
IUDDl8ned stem lnlactlon 0.22 0.011 0.022 0.00037 24.5 1.25 0.00046065 285 57 0.02825705 1.3128525 0.02109 1.0545 0.21 
I BllDDl8118d Hydro-Ax 0.17 0.011 0.021 0.00081 18.9 1.19 0.00098309 258 84.5 0.082119305 3.10598525 0.052245 2.81225 0.41 
Modal. 
Est. loo194ba/92ba). constant +treatment affact+domlnanca class affect+ 
traatrnent"domlnanca clals+error due to location + 
error due to alot and suhnlot+error due to tree 
Appendix 4 
Boxplots of diameter and basal area in 1992 
by treatment and do1ninance class 
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Appendix 5 
Variable probabllltv sampling to estimate stand basal area 
Basal area factor using a Speigel Relaskop 2.25 
I 
Plot No. of No. of No. of 'In' Trees Total Basal area 
No. Trees borderline trees from borderline Trees estimate (m"2) 
1 19 3 1 20 45 
2 17 1 0 17 38.25 
3 14 1 0 14 31.5 
4 15 3 2 17 38.25 
5 11 2 0 11 24.75 
6 20 5 1 21 47.25 
7 16 1 0 16 36 
8 19 2 0 19 42.75 
9 12 2 1 13 29.25 
10 16 1 0 16 36 
1 1 11 1 0 11 24.75 
12 17 2 0 17 38.25 
13 18 2 2 20 45 
14 14 1 0 14 31.5 
15 17 3 1 18 40.5 
16 10 1 0 10 22.5 
17 20 1 0 20 45 
18 15 1 0 15 33.75 
19 12 1 1 13 29.25 
.. --- ... 
20 16 1 1 17 38.25 
21 8 0 0 8 18 
22 10 1 1 1 1 24.75 
23 19 0 0 19 42.75 
24 13 1 1 14 31.5 
25 10 0 0 1 0 22.5 
26 19 4 0 19 42.75 
27 21 1 0 21 47.25 
28 15 1 0 15 33.75 
29 11 1 0 11 24.75 
30 12 3 0 12 27 
31 12 1 1 13 29.25 
32 16 2 1 17 38.25 
33 16 4 0 16 36 
34 15 2 0 15 33.75 
35 11 3 1 12 27 
36 6 0 0 6 13.5 
37 17 3 2 19 42.75 
38 15 1 1 16 36 
20.25 39 8 3 1 9 
40 9 1 0 9 20.25 
1329.75 
·-·--
Mean 33.24 
STD 8.76 
CV 26.35 
Appendix 6 
Results from Genstat analysis 
Mean and standard error for growth as measured as log(basal area 
1994/basal area 1992) for treatment and dominance class 
Dominance Treatment Mean Standard Confidence 
Class error interval (95°/o) 
Dominant Control 0.41 0.0280 0.36, 0.47 
Dominant Stem inject. 0.58 0.0335 0.51, 0.65 
Dominant Clearing saw 0.56 0.0433 0.47, 0.65 
Dominant Hydro-Ax 0.48 0.0381 0.40, 0.56 
Co-dominant Control 0.41 0.0180 0.38, 0.45 
Co-dominant Stem inject. 0.65 0.0316 0.58, 0.71 
Co-dominant Clearing saw 0.51 0.0273 0.45, 0.56 
Co-dominant Hydro-Ax 0.51 0.0238 0.47, 0.56 
Intermediate Control 0.35 0.0161 0.32, 0.39 
Intermediate Stem inject. 0.51 0.0268 0.45, 0.56 
Intermediate Clearing saw 0.46 0.0201 0.42, 0.50 
Intermediate Hydro-Ax 0.44 0.0184 0.40, 0.47 
Suppressed Control 0.15 0.0086 0.13, 0.17 
Suppressed Stem inject. 0.22 0.0109 0.20, 0.24 
Suppressed Hydro-Ax 0.17 0.0107 0.15, 0.19 
Percentage and absolute change in growth from 1992 to 1994 for treatment 
and dominance class 
Dominance 
Class 
Dominant 
Dominant 
Dominant 
Dominant 
Co-dominant 
Co-dominant 
Co-dominant 
Co-dominant 
Intermediate 
Intermediate 
Intermediate 
Intermediate 
Suppressed 
Suppressed 
Suppressed 
Treatment 
Control 
Stem inject. 
Clearing saw 
Hydro-Ax 
Control 
Stem inject. 
Clearing saw 
Hydro-Ax 
Control 
Stem inject. 
Clearing saw 
Hydro-Ax 
Control 
Stem inject. 
Hydro-Ax 
o/o change in 
growth 92-94 
51.1 
78.4 
75.1 
61.7 
51.3 
90.7 
66.2 
67.1 
42.4 
66.1 
58.7 
54.8 
16.3 
24.5 
18.9 
Absolute in 
bas. area (sq. 
m/ha) from 
92 to 94 
1.53 
1.34 
1.02 
1.61 
1.74 
1.07 
1.96 
1.48 
0.97 
0.78 
2.65 
1.35 
0.55 
0.26 
0.49 
Appendix 7 
Boxplots of total and green height in 1992 
by treatment and dominance class 
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